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REPORT  OF  THE  CHIEF  ASTRONOMER  AND  INTERNATIONAL 
BOUNDARY  COMMISSIONER. 


W.  W.  Cory,  Esq.,  C.M.G., 

Deputy  Minister  of  the  Interior, 
Ottawa. 

Sir, — I  have  the  honour  to  present  the  report  of  the  Astronomical  Branch  of 
the  Department  of  the  Interior  for  the  year  ending  31st  March,  1911. 

The  correspondence  in  the  twelve  months  was : — 


A  statement  of  the  work  of  the  photographic  division  appears  as  Appendix  No.  5. 

The  library  contains  3,839  bound  books  and  some  410  bound  pamphlets. 
These  are  entered  in  a  card  catalogue  under  author  and  title.  A  further  classi- 
fication by  subject  was  contemplated,  but  has  been  postponed,  as,  especially  in 
the  case  of  volumes  of  transactions  of  societies,  collected  works,  etc.,  it  calls  for 
a  great  number  of  entries  and  cross  references,  on  account  of  the  diversity  of  the 
subjects  treated.  For  lack  of  time,  the  librarian,  who  has  other  duties  to  perform, 
has  been  unable  to  make  this  classification.  Sixty  scientific  periodicals  are  pro- 
cured by  subscription,  and  the  number  of  observatories,  societies,  etc.  (principally 
astronomical  and  meteorological),  from  which  regular  publications  are  received,  is 
over  90.  The  bookbinder  who  has  been  employed  here  for  some  years  numbering 
bound  volumes  for  the  library  and  preparing  periodicals,  unbound  reports,  etc., 
for  binding  at  the  Printing  Bureau,  has  been  provided  with  machinery  and  ap- 
pliances, so  that  the  binding  may  be  done  in  the  building.  Since  the  bindery  has 
been  fully  equipped  (in  February  last)  some  300  volumes  have  been  bound;  there 
are  still  500  volumes  or  more  awaiting  binding. 

The  mechanicians  have  been  kept  busy  with  repairs  and  minor  alterations  to 
field  and  observatory  instruments.  No  construction  of  special  importance  has  been 
ilhdertaken. 

Fourteen  meetings  of  the  Ottawa  Centre  of  the  Royal  Astronomical  Society 
of  Canada  have  been  held,  beginning  in  October.  These  meetings  are  fortnightly, 
alternately  afternoon  meetings  in  the  Observatory  and  evening  meetings  usually 
held  in  a  hall  in  the  city.  The  number  stated  includes  the  annual  meeting  in 
December  and  a  very  enjoyable  reception  at  the  Observatory,  for  members  of  the 
society  and  their  friends,  on  March  23rd. 


Department  of  the  Interior, 

Dominion  Astronomical  Observatory, 
Ottawa,  Canada,  May  1,  1911. 


Letters  received . . . 

Letters  sent  

Accounts  examined 


2,190 
3,365 
864 
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The  Saturday  'open  evenings,'  when  the  public  is  invited  to  visit  the  Obser- 
vatory to  look  through  the  equatorial  telescope,  continue  to  be  appreciated.  There 
are  also  many  day-time  visitors,  who,  though  they  have  not  the  opportunity  of 
viewing  the  sky,  are  interested  in  examining  the  instruments  and  equipment. 

The  Observatory  grounds  have  been  terraced  and  sodded,  with  the  exception 
of  the  northeastern  corner,  and  the  necessary  roads  laid  out  and  prepared.  Elec- 
tric lights  have  been  placed  on  the  grounds  and  along  the  pathway  leading  to  the 
electric  railway.  The  residence  of  the  Chief  Astronomer  was  completed  and  was 
occupied  by  him  at  the  end  of  July. 

The  foundation  of  the  small  building  to  house  an  instrument  to  carry  the 
micrometer  and  stellar  camera  was  laid  last  summer,  but  the  superstructure  was 
not  proceeded  with.  The  piers  for  the  meridian  marks  have  been  erected,  and  the 
foundations  laid  of  the  buildings  which  are  to  cover  them.  Wooden  sheds  have  been 
built  over  the  piers  to  protect  them  from  the  weather,  pending  completion  of  the 
permanent  structures.    These  piers  are  built  for  underground  reference  marks. 

Mr.  J.  S.  Plaskett  attended  the  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America,  at  Harvard,  and  that  of  the  International  Union  for  Co-operation 
in  Solar  Research  at  Mt.  Wilson,  Cal.,  last  summer.  At  the  former  Mr.  Plaskett 
was  placed  on  three  committees;  those  on  the  Solar  Rotation,  Radial  Velocities, 
and  the  Classification  of  Spectra.  At  the  meeting  of  the  Solar  Research  Union, 
a  share  of  the  work  of  determining  the  solar  rotation  was  allotted  to  this  Observa- 
tory, associated  with  the  observatories  at  Pulkowa,  Edinburgh,  Cambridge  (Eng- 
land), Allegheny  and  Mt.  Wilson.  The  invitation  which  Mr.  Plaskett  was  author- 
ized to  convey  to  the  Astronomical  and  Astrophysical  Society  to  hold  their  annual 
meeting  here  next  August  has  been  accepted. 

The  apparatus  for  the  solar  work  consists  of  a  coelostat  telescope,  of  80  feet 
focus,  and  a  Littrow  grating  spectrograph  of  23  feet  focus.  Three  different  grat- 
ings have  been  thoroughly  tested  and  the  most  suitable  is  now  permanently  mounted 
and  is  in  regular  use.  A  device  consisting  of  two  reflecting  prisms  has  been  applied, 
for  bringing  the  opposite  limbs  of  the  sun  on  the  slit  together.  One  of  the  pro- 
blems in  regard  to  the  solar  rotation  is  whether  the  rotational  velocity  varies  for 
different  lines  of  the  spectrum.  An  investigation  of  the  errors  which  may  thus 
arise  has  been  undertaken.  Experimenting  has  been  done  on  the  kind  of  plate  that 
should  be  used,  the  development,  etc.,  for  the  regions  of  the  spectrum  which  are 
to  be  investigated,  A.  5500  to  X  5700  and  X  4220  to  X  4280.  The  work  of  obtain- 
ing and  measuring  plates  for  the  solar  rotation  is  under  way. 

Four  orbits  of  spectroscopic  binary  stars  have  been  completed,  y  Camel- 
opardalis,  v  Orionis,  93  Leonis  and  t  Ursae  Minoris.  Work  on  three  or  four  others 
is  nearing  completion,  and  a  good  deal  of  preliminary  observing  and  measuring 
has  been  done  on  several  other  binaries.  The  weather  for  observing  has  been  un- 
usually bad  during  the  past  year;  the  average  number  of  spectra  obtained  monthly 
has  been  65,  as  against  76  last  year.  Part  of  this  decrease  may  be  ac- 
counted for  by  the  fact  that  fainter  stars  have  been  observed  upon,  requiring  larger 
exposure  time.  The  aperture  of  the  telescope  is  relatively  small,  compared  with 
the  instruments  used  in  many  of  the  observatories  engaged  in  this  branch  of 
astronomical  work.    A  larger  telescope  is  much  to  be  desired. 

The  telescope  has  also  been  used  in  measuring  the  position  angles  and  distances 
of  visual  double  stars,  and  in  observing  occultations  of  stars  by  the  moon. 

Photographs  were  taken  of  Halley's  Comet,  when  it  was  near  the  earth,  with 
the  Brashear  Doublet  and  also  with  a  large  Zeiss  Tessar  wide-angle  lens.  The 
weather  at  this  time  was,  however,  extremely  unfavourable. 
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The  underground  lenses  and  long  focus  collimating  lenses  for  the  meridian 
marks,  with  the  necessary  mountings,  have  been  ordered. 

Improvements  have  been  made  in  the  mounting  of  the  microscopes  of  the 
transit-circle  and  in  the  illuminating  apparatus.  The  ventilation  of  the  room  has 
been  improved  by  using  ventilating  fans,  but  it  is  still  found  that  the  temperature 
within  does  not  follow  that  of  the  air  without  in  a  satisfactory  manner,  and  further 
improvements  in  ventilation  are  contemplated. 

The  system  of  controlled  clocks  and  dials  has  worked  satisfactorily.  Two 
hundred  and  ninety-two  dials  are  now  in  operation. 

The  Bosch  photographic  seismograph  has  been  in  constant  operation  through- 
out the  year.  To  one  of  the  pendulums,  magnetic  damping  has  been  applied  by 
means  of  a  powerful  horseshoe  magnet,  the  other  pendulum  retaining  the  air 
damping.  The  magnetic  damping  reduces  the  effect'  of  the  microseisms,  and 
allows  the  phases  of  the  greater  disturbances  to  be  more  surely  identified.  Earth- 
quake bulletins  are  issued  regularly,  and  are  sent  to  other  earthquake  stations  in 
exchange  for  their  bulletins.  Twenty-four  bulletins  have  been  issued  during  the 
year,  giving  records  of  89  earthquakes,  and  have  been  distributed  to  55  stations. 
No  earthquakes  occurring  in  Canada  have  been  recorded. 

To  assist  in  distinguishing  earthquakes  not  of  seismic  origin,  a  Fuess  electric 
recording  Anemograph  has  been  installed.  It  records  the  direction,  velocity  and 
pressure  of  the  wind  in  ink  on  paper  moved  by  clock-work. 

The  longitude  of  the  transit  house  at  Winnipeg,  on  Fort  Osborne  barrack 
ground,  which  is  intended  to  serve  as  a  base  for  longitude  determinations  in  the 
prairie  provinces,  was  determined  early  last  summer  by  telegraphic  exchange  of  time 
with  Ottawa,  using  one  of  the  copper  wires  of  the  Canadian  Pacific  Railway  Com- 
pany's telegraph.  The  low  resistance  and  self-inductance  of  this  wire  made  it 
possible  to  dispense  altogether  with  repeaters,  thereby  obviating  the  uncertainty 
which  prevails  in  using  them  as  to  the  speed  of  response  of  the  relays  to  current 
passing  in  the  two  directions,  and  materially  increasing  the  accuracy  of  the  ex- 
changes. The  time  of  transmission  was  six  one-hundredths  of  a  second,  indicating 
a  velocity  of  nearly  22,000  miles  per  second,  and  was  remarkably  constant  from 
night  to  night,  throughout  the  series  of  exchanges. 

The  longitudes  of  eight  other  stations  were  determined,  namely,  Walsh,  Coutts, 
and  Pincher  in  Alberta;  North  Portal  and  Mortlach,  Saskatchewan;  Emerson, 
Manitoba;  and  Sault  Ste.  Marie  and  Windsor,  in  Ontario.  The  last  two  were 
determined  by  exchange  of  signals  with  Ottawa,  the  others  by  exchanges  with 
Winnipeg.  The  latitudes  of  all  the  stations,  including  Winnipeg,  were  also  deter- 
mined. 

The  work  of  the  Magnetic  Survey  comprised  the  determination  of  declination, 
inclination,  horizontal  intensity,  and  the  diurnal  variation  of  declination  at  forty- 
eight  points  along  the  Canadian  Pacific  Railway  between  Chapleau  and  Moosejaw, 
and  at  forty-four  points  in  southern  and  southwestern  Ontario.  The  average 
distance  between  points  was  twenty-five  miles.  Two  observers  were  employed  on 
this  work. 

The  negotiations  referred  to  in  my  last  annual  report  in  regard  to  the  questions 
at  issue  in  Passamaquoddy  bay,  culminated  in  a  treaty  which  was  signed  at  Washing- 
ton on  May  21st,  and  ratified  on  June  6th,  1910. 
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By  this  treaty  the  boundary  line  through  the  southern  part  of  the  bay  is  de- 
fined by  seven  bearings  and  distances,  beginning  at  the  point  between  Treat  island 
and  Friar  Head  referred  to  in  Article  I.  of  the  Treaty  of  1908,  and  terminating  in 
the  middle  of  Grand  Manan  channel. 

The  boundary  line  as  thus  defined  passes  to  the  east  of  Pope's  Folly  island, 
and  through  the  dredged  channel  to  the  west  of  the  Middle  Grounds. 

The  commissioners  have  not  yet  undertaken  the  marking  of  this  line,  nor  of 
any  part  of  the  line  defined  by  the  first  article  of  the  Treaty  of  1908. 

The  operations  under  the  second  article  of  the  same  treaty  were  continued  by 
Mr.  A.  J.  Brabazon,  D.L.S.,  on  behalf  of  Canada,  and  Mr.  J.  E.  McGrath  for  the 
United  States.  They  comprised  the  placing  of  reference  monuments  on  each  side 
of  the  ri%'er  St.  Croix,  from  the  terminal  point  of  last  season's  operations  near  St. 
Stephen,  to  near  the  outlet  of  the  lower  lake,  at  Vanceboro,  and  the  making  of  a 
triangulation  to  determine  the  positions  of  these  monuments. 

The  work  on  the  third  section  of  the  boundary  line  was  carried  on  by  a  joint 
survey  party  under  Mr.  Geo.  C.  Rainboth,  D.L.S.,  on  behalf  of  Canada,  and  Mr. 
Jas.  B.  Baylor,  of  the  United  States  Coast  and  Geodetic  Survey,  for  the  United 
States.  The  work  consisted  in  the  survey  of  the  boundary  line  along  the  St.  John 
river  from  last  season's  terminal  point,  near  Edmundston,  N.B.,  up  the  river  to  the 
mouth  of  St.  Francis  river,  and  up  the  latter  river,  the  line  being  defined  by  refer- 
ence to  monuments  placed  on  each  side  of  the  rivers.  These  monuments  are  con- 
nected by  triangulation.  The  survey  operations  were  terminated  near  the  boundary 
line  of  Temiscouata  county,  Quebec. 

It  is  with  very  great  regret  that  I  record  here  the  death  of  Mr.  Rainboth. 
He  was  taken  ill  in  camp  just  at  the  time  that  he  was  ready  to  bring  the  season's 
work  to  a  close.  His  desire  to  see  personally  to  the  arrangements  necessary  in 
this  connection  led  him  to  delay  placing  himself  under  medical  care  until  it  was  too 
late.  He  was  finally  brought  by  canoe  to  Edmundston,  and  then  placed  on  the  train 
with  the  hope  of  getting  him  safely  home  in  Ottawa.  He  died  on  the  train  at 
Riviere-du-Loup.  He  was  one  of  the  best  known  surveyors  in  the  Ottawa  valley, 
where  he  had  practised  his  profession  from  his  youth.  He  had  also  made  many 
surveys  for  the  Department  of  the  Interior  in  the  Northwest.  Since  1905,  he  was 
in  charge  of  the  fieldwork  of  the  resurvey  of  the  'Ashburton  Line,'  that  is,  the 
boundary  line  from  the  St.  Lawrence  river  to  the  source  of  the  St.  Croix. 

The  resurvey  of  the  49th  parallel  (section  6  of  the  Treaty  of  1908)  was  carried 
on  by  a  Canadian  party  under  Mr.  J.  J.  McArthur,  D.L.S.,  for  a  distance  of  about 
150  miles  from  a  point  a  short  distance  west  of  North  Portal,  eastward  along  the 
southern  boundary  of  the  Provinces  of  Saskatchewan  and  Manitoba.  An  American 
party  at  the  same  time  was  engaged  on  the  resurvey  of  the  same  line  farther  west. 

Mr.  Geo.  White-Fraser,  D.T.S.,  continued  the  work  of  defining  the  boundary 
line  through  the  straits  of  Georgia  and  Fuca,  by  means  of  reference  monuments 
on  the  shores.    This  work  is  done  under  the  eighth  article  of  the  Treaty  of  1908. 

Two  surveying  parties  were  employed  on  the  survey  of  the  boundary  of  the 
Alaska  Coast  Strip  (Treaty  of  1903);  one  under  Mr.  N.J.  Ogilvie,  D.L.S.,  in  the 
Lynn  Canal  region,  the  other  under  Mr.  F.  H.  Mackie,  D.L.S.,  at  the  head  of 
Portland  canal. 

The  survey  of  the  141st  meridian  under  the  provisions  of  the  Treaty  of  1906 
was  continued  by  two  large  parties,  one  Canadian,  one  American,  each  divided  into 
a  number  of  sub-parties.  The  chiefs  of  the  Canadian  parties  were  Messrs.  J.  D. 
Craig,  F.  Lambart  and  A.  G.  Stewart,  Dominion  land  surveyors. 
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The  vista  cutting  and  the  placing  of  the  final  monuments  were  completed 
between  White  river  and  Yukon,  also  north  of  the  latter  about  half-way  to  Porcu- 
pine river.  On  the  latter  section,  the  triangulation  and  topographical  work  were 
completed. 

The  survey  of  the  line  is  therefore  completed  between  the  last  mentioned  point 
and  the  Natazhat  range,  south  of  White  river.  The  projection  of  the  meridian  was 
carried  to  a  point  about  ten  miles  north  of  Porcupine  river. 

Mr.  D.  H.  Nelles,  D.L.S.,  completed  the  precise  levelling  to  a  point  on  the 
141st  meridian.  This  line  of  levels  is  now  complete  from  the  summit  of  White 
Pass,  along  the  White  Pass  Railway  and  the  Dawson  Road  to  Dawson,  and  thence 
west  to  the  meridian.  An  American  surveyor  has  completed  the  connection  with 
tide-water  by  carrying  a  line  of  precise  levels  from  Skagway,  along  the  railway,  to 
the  summit. 

On  the  Geodetic  survey,  two  observers  were  employed,  one  in  the  province  of 
Ontario,  one  in  Quebec,  measuring  the  angles  of  the  primary  triangles.  Three 
reconnaissance  parties,  to  select  points  for  the  extension  of  the  triangulation, 
worked  respectively  in  the  western  part  of  Ontario,  to  the  south  and  east  of  Georgian 
bay,  and  on  the  British  Columbia  coast.  A  station-building  party  worked  north 
and  northwest  of  Toronto,  erecting  the  towers  for  the  triangulation,  where  these 
were  required.  Three  parties  were  employed  on  the  precise  levelling.  One  of 
these  parties  worked  in  Ontario  and  one  in  Nova  Scotia.  The  third,  beginning 
at  a  bench-mark  of  the  U.S.  Coast  and  Geodetic  Survey  at  Stephen,  Minn.,  carried 
a  line  of  levels  north  to  Emerson,  Man.,  and  thence  west  along  the  railways,  paral- 
leling the  international  boundary. 

Herewith  are  submitted,  as  appendices,  reports  by  Dr.  0.  Klotz  and  Messrs. 
Plaskett,  Stewart,  and  Macara,  upon  the  work  under  their  charge  respectively; 
also  a  statement  of  the  work  done  in  the  photographer's  office. 

I  have  the  honour  to  be,  sir, 

Your  obedient  servant, 

W.  F.  KING, 

Chief  Astronomer. 
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APPENDIX  1. 

SEISMOLOGY,  TERRESTRIAL  MAGNETISM  AND  GRAVITY, 
BY  OTTO  KLOTZ,  LL.D.,  F.R.A.S. 

Ottawa,  Ont.,  April  1st,  1911. 

W.  F.  King,  LL.D.,  C.M.G., 

Chief  Astronomer, 

Department  of  the  Interior, 
Ottawa. 

Sir, — I  have  the  honour  to  make  the  following  report  of  the  work  carried  out 
under  my  charge,  during  the  fiscal  year  April  1, 1910,  to  March  31, 1911,  and  which 
is  classified  under  the  three  headings — Seismology,  Terrestrial  Magnetism,  and 
Gravity. 

Seismology. 

Instruments. — -The  instruments  which  are  in  service  are:  two  Bosch  photo- 
graphic seismographs,  described  in  the  report  of  1906;  a  Callendar  electric  ther- 
mograph; a  Shaw-Dines  micro-barograph;  a  Fuess  electric  anemograph;  besides 
wet  and  dry  bulb  thermometers.  The  new  instrument  acquired  during  the  year 
is  the  anemograph. 

The  above  instruments,  outside  of  the  seismographs,  serve  as  auxiliary  in- 
struments for  the  interpretation  of  the  seismograms,  which  show  at  times  disturb- 
ances and  movements  that  are  not  readily  attributable  to  earthquakes.  In  this 
respect  they  have  served  their  purpose  well,  as  illustrated  by  the  accompanying 
reproductions  showing  an  intercomparison  of  micro-barogram,  thermogram,  ane- 
mogram  and  seismogram.    (Figs.  5,  6  and  7.) 

Beginning  with  the  micro-barograph,  which  records  rapid  change  of  atmos- 
pheric pressure,  but  not  the  absolute  pressure  shown  by  a  barometer,  we  find  that 
almost  simultaneous  with  the  sudden  increase  of  pressure,  cold  air  pouring  down 
from  the  higher  regions,  the  thermograph  shows  a  marked  corresponding  decrease 
of  temperature.  Again,  this  rapid  increase  of  atmospheric  pressure  manifests 
itself  by  the  pressure  plate  of  the  anemograph,  and  lastly  the  resulting  steep  grad- 
ients of  the  isobars  induce  strong  winds,  setting  up  oscillations  of  the  observatory 
and  ground,  producing  motion  more  or  less  irregular  of  the  seismograph  pier,  as 
shown  on  the  seismogram. 

Owing  to  the  proximity  of  our  machine  shop  to  the  seismograph  room,  it  has 
not  been  considered  safe  to  draw  conclusions  as  to  the  movement  of  the  horizontal 
pendulum  zero  due  to  the  diurnal  heating  of  the  earth  by  the  sun,  whereby  the  ground 
heaves  or  bulges  following  the  course  of  the  sun.  It  is  expected  that  in  the  near 
future  other  quarters  will  be  provided  for  the  machine  shop,  and  that  the  necessary- 
delicate  observations  of  earth  movements  due  to  heat  may  be  made.  As  an  example 
of  the  sensitiveness  of  the  seismograph  or  horizontal  pendulum,  may  be  mentioned 
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an  incident  of  last  August,  when  a  party  of  the  Sons  of  England,  in  convention  here, 
visited  the  Observatory.  Their  presence  in  the  room  above  the  seismograph  room, 
which  is  in  the  basement,  was  duly  recorded  by  the  seismograph,  in  fact  the  time  of 
their  coming  and  going  to  and  from  the  room  was  clearly  shown.  The  'impression' 
they  left  behind  amounted  to  .097  seconds  of  arc,  that  is,  they  had  compressed  the 
earth  equivalent  to  a  gradient  of  one  inch  in  thirty-three  miles,  or  one  in  two 
million.    Weighty  Englishmen! 

A  brief  description  of  the  anemograph  No.  1792,  Fuess,  Steglitz-Berlin,  may 
be  given.  The  accompanying  illustrations  will  assist  in  understanding  the  working 
of  the  instrument.  It  records,  by  means  of  six  pens,  the  direction,  velocity  and 
pressure  of  the  wind,  four  pens  being  required  for  direction  and  one  each  for  velocity 
and  pressure. 

Velocity. — Referring  to  Figs.  1,  2,  3,  4,  C  represents  four  copper  hemispherical 
cups,  each  201  cm.  in  diameter  and  80  cm.  between  centres  of  opposite  cups. 
The  cup-cross  is  secured  to  a  steel  rod  by  a  nut,  and  has  a  ball-bearing.  The  cups 
move  very  freely,  being  set  rotating  with  the  slightest  movement  of  the  air.  The 
steel  rod  R  terminating  in  a  point,  rests  in  a  small  steel  cup,  and  has  a  worm  near 
its  lower  extremity  which  gears  into  the  wheel  G,  having  144  teeth,  so  that  144  rev- 
olutions of  the  cups  C  are  equivalent  to  one  revolution  of  the  wheel  G.  The  electric 
record  that  is  made  of  the  velocity  is  the  record  of  each  revolution  of  the  wheel  G, 
and  which  is  effected  by  an  electric  contact  at  T,  closing  the  circuit  momentarily 
thereby  actuating  through  an  electro-magnet  the  ratchet  wheel  /  in  the  recording 
device,  to  be  described  later,  and  moving  the  paper  forward  a  half-millimetre, 
which  is  recorded  by  the  pen  0,  which  also  furnishes  the  time  scale. 

Direction. — The  part  of  the  apparatus  WPV  moves  freely,  being  ball-bearing 
under  the  cap  where  the  chain  is  seen.  V  is  a  copper  vane,  58  cm.  long,  30  cm. 
wide  at  the  back  and  18  cm.  in  front.  The  two  plates  forming  the  vane  are  9  cm. 
apart  in  front  and  29?  cm.  at  the  back.  W  is  simply  a  counter-weight.  The 
motion  or  direction  of  WPV  is  communicated  through  the  brass  rod  E  to  the  two 
gear  wheels  D,  the  axis  of  the  left-hand  one  terminating  in  a  quadrantally-divided 
•cylinder,  upon  which  electric  contact  is  made  by  a  split  copper  brush,  so  that  the 
latter  may  rest  either  wholly  on  one  quadrant  or  on  two  adjoining  ones.  The 
quadrants  represent  respectively  the  directions  N.,  E.,  S.,  W.  When  the  brush 
rests  only  on  one  quadrant,  one  of  the  cardinal  points  will  be  recorded  as  the  direc- 
tion of  the  wind ;  if  it  rests  on  two  then  the  direction  of  the  wind  will  be  shown  as 
being  either  N.E.,  N.W.,  S.E.,  or  S.W.  In  short,  the  apparatus  records  eight 
different  wind  directions,  N.,  N.E.,  E.,  S.E.,  S.,  S.W.,  W.,  N.W.  With  reference 
to  the  electric  recording  it  may  be  mentioned  here  that  the  circuit  for  direction  is 
in  circuit  with  that  for  velocity,  so  that  direction  is  only  recorded  when  the  circuit 
is  closed  at  the  gear  wheel  G,  hence  the  records  for  direction  and  velocity  are  sim- 
ultaneous; while  the  one  pen  0  records  that  gear  wheel  G  has  made  another  revolu- 
tion, one  or  two  of  the  direction  pens  F  records  the  direction  of  the  wind  at  that 
moment. 

Pressure. — P  represents  the  pressure  plate  and,  of  course,  being  attached  to 
the  vane  frame,  always  faces  the  wind.  It  is  25|  cm.  in  diameter,  and  is  attached 
to  the  system  of  levers  terminating  in  the  spring  S,  which  presses  against  a  plate. 
The  motion  in  and  out  of  the  plate  P  is  communicated  to  the  rod  B,  which  in  turn 
moves  the  arm  A  (Fig.  2)  making,  successively,  twelve  electric  contacts  H, 
representing  twelve  different  pressures  from  0  to  7.52  pounds  to  the  square  foot. 
How  these  different  pressures  are  recorded  will  be  described  under  a  description  of 
the  recording  device. 
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In  Fig.  2,  N  shows  the  connection  for  20  wires.  The  mechanism  of  the  ane- 
mometer is  tightly  closed  in.  The  20  wires  are  gathered  into  a  lead-covered  cable, 
not  shown,  which,  in  passing  out  of  the  lower  part,  is  covered  with  a  nut  having 
packing  so  as  to  prevent  moisture  or  snow  from  entering  the  lower  case  or  compart- 
ment. The  cable  leads  along  the  stone  cornice  of  the  Observatory  and  into  the 
building  to  the  recording  apparatus. 

The  steel  skeleton,  made  of  2-inch  pipes  (Fig.  3),  supporting  the  anemometer, 
is  6  m.  in  height,  and  the  cup-cross  2  m.  above  this,  and  20  m.  (66  ft.)  above  the 
ground.  The  skeleton  is  anchored  in  a  heavy  cement  bed  specially  built  in  the 
corner  of  the  Observatory  roof. 

In  Fig.  4  is  seen  the  connection  of  the  wires  of  the  cable  to  the  lightning  arrester 
L,  to  which  also  are  connected  the  wires  of  the  recorder  and  the  wires  K  for  the  cur- 
rent of  six  volts  supplied  by  a  storage  battery  of  three  cells.  The  eight-day  clock 
gives  the  time  scale  by  means  of  the  rod  U  carrying  the  pen  0.  This  rod,  with  rack, 
rests  on  a  pinion  of  the  clock-work,  and  moves  uniformly  to  the  right  about  halfway 
across  the  paper.  At  each  hour  the  minute  hand  at  XII  slightly  raises  the  rod, 
when  the  weight  within  the  damping  cylinder  Z  draws  it  over  to  the  left-hand  edge 
of  the  paper.  When  the  minute  hand,  tipped  with  a  platinum  point,  disengages  the 
rod  U  it  also  makes  electric  contact  whereby  the  ratchet  wheel  /  is  moved  one  tooth, 
and  the  paper  descends  \  mm.  The  hour  line  drawn  across  the  paper  consists, 
therefore,  of  a  series  of  steps  each  of  \  mm.,  there  being  as  many  steps  as  the  velo- 
city gear  wheel  G,  already  described,  has  made  revolutions  during  the  hour,  plus  one 
step  for  each  hour.  Instead  of  counting  the  number  of  steps  in  an  hour,  a  glass 
scale  is  provided,  graduated  to  a  hundred  half-millimetres,  with  an  extra  half- 
millimetre  at  zero  for  the  hour  contact,  which  is  not  counted  in  with  the  velocity 
breaks  or  steps. 

The  direction  of  the  wand  is  recorded  by  the  four  pens  F,  being  in  the  order  from 
the  left — north,  east,  south  and  west.  They  are  connected  to  the  armatures  of  four 
electro-magnets  seen  to  the  left,  so  that  when  the  circuit  is  closed  one  or  two  of  the 
pens  makes  a  jog  in  the  respective  line. 

The  recording  of  the  pressure  is  done  by  an  ingenious  device.  It  has  already 
been  stated  that  the  pressure  arm  .4.  makes  twelve  different  contacts,  there  being, 
therefore,  twelve  different  circuits  or  currents  therefor,  represented  by  the  twelve  coils 
1"  above  and  below  the  iron  plate  X,  which  acts  as  an  armature.  This  iron  plate, 
carrying  a  vertical  rod,  rests  on  a  pivot,  and  is  free  to  move  thereon,  i.e.,  to  be 
attracted  to  any  corresponding  pair  of  coils,  so  that  the  vertical  rod  describes,  in 
going  the  rounds  of  all  the  contacts,  a  cone.  This  motion  of  the  rod  is  communi- 
cated to  the  axis  of  a  pinion  which  gears  in  the  rack  on  the  carriage  M  on  which  is 
supported  the  pen  J  for  registering  the  pressure.  The  pressure  is  recorded  for 
twelve  definite  pressures,  the  pen  moving  3  mm.  (6  half-mm.)  for  each  pressure  from 
zero  pressure.  The  pressure  record  is  thus  represented  by  a  to-and-fro  movement 
of  the  carriage  M,  and  this  motion  is  recorded  by  the  pen  J.  By  comparing  the 
length  of  the  lines  made  by  J  with  the  table  of  constants,  which  I  especially  deter- 
mined for  this  instrument,  we  obtain  the  pressure  in  pounds  per  square  foot  of  the 
wind  at  any  particular  time. 

Constants. — For  velocity,  we  have  the  diameter  of  the  cup-cross  bet  ween  centres 
of  80  cm.  Hence  pathway  of  one  revolution  is  251.33  cm.  As  the  gear  wheel  G 
has  144  teeth,  one  revolution  of  the  wheel  is  equivalent  to  362  m.  Taking  for  an 
approximation  that  the  cup  velocity  is  one-third  that  of  the  wind,  we  obtain  the 
indicated  velocity  of  the  wind  as  1.086  km.  for  one  revolution  of  the  gear  wheel  G, 
that  is  for  each  electric  contact. 
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Professor  Marvin's  direct  experiments  for  the  relationship  between  cup  and 
wind  velocities  with  an  anemometer  whose  cups  were  4  inches  in  diameter  and  arms 
13.44  inches,  centre  to  centre  of  cups,  gave  the  empirical  formula: 

*log  V  =  . 509  +  .9012  log  v 

in  which  V  is  the  true  velocity  of  the  wind,  and  v  the  velocity  of  the  cups,  the  indicat- 
ed velocity  being  3  v.  Although  the  dimensions  of  the  Fuess  cup-cross  are  consider- 
ably larger  than  those  of  the  Marvin  anemometer,  yet  the  above  formula  is  fairly 
applicable  to  the  former,  as  deduced  from  comparison  of  indicated  velocities  with 
recorded  pressures,  the  latter  having  been  directly  measured,  as  about  to  be  ex- 
plained. 

Before  the  anemometer  was  mounted  outside,  tests  were  made  on  the  pres- 
sure plate  P.  A  slat  was  placed  centrally  over  the  plate;  from  it  led  two  horizontal 
strings  which  passed  over  small  brass  pulleys,  and  then  weights  were  successively 
attached  to  the  connected  strings.  Beginning  with  zero  and  increasing  by  one 
pound  up  to  twelve  pounds,  readings  were  taken  of  the  position  of  the  arm  A, 
as  it  passed  over  the  various  contacts  from  0  to  12.  Each  of  the  twelve  small  brass 
plates  on  which  electric  contact  is  made  was  subdivided  by  estimation  to  tenths 
when  taking  the  readings  of  the  arm  A  for  the  different  weights.  From  a  number 
of  careful  readings  the  following  mean  values  were  obtained: — ■ 


Actual  measurements  with  weights  over 
pulleys,  pressing  pressure  plate. 

Interpolated  Values. 

Pounds 

Readings  on  Arm. 

Readings  on  Arm. 

Pounds. 

0 

1-62 

1-62 

0 

1 

3-20 

2-50 

•56 

2 

4-66 

3-50 

1-21 

3 

5-95 

4-50 

1-89 

4 

717 

5-50 

2-65 

5 

8  03 

6-50 

3-45 

6 

'  8-74 

7-50 

4-38 

7 

9-32 

8-50 

5-66 

8 

9-91 

9-50 

7-30 

9 

10-42 

10-50 

9- 14 

10 

10  -9S 

11-50 

1112 

11 

11-45 

12-50 

13-68 

12 

11-88 

It  was  intended  to  have  the  adjustment  of  the  spring  S  so  that  the  centre  of 
the  first  small  brass  plate,  which  would  be  equivalent  to  1.50  in  the  above  method 
of  reading,  should  indicate  zero  pressure,  but  after  adjustment  it  was  found  that 
zero  pressure  read  1.62,  a  matter  of  no  consequence.  It  must  be  remembered  that 
the  pressure  plate  is  25^  cm.  in  diameter,  giving  a  surface  of  79.16  square  inches. 
Hence,  if  the  wind  were  blowing  against  a  square  foot,  in  order  to  produce  the  same 
arm  reading,  which  is  the  record  we  get  on  our  anemogram,  the  pounds  pressure 

represented  would  be  ^  =.55,  that  shown  by  the  actual  pressure  plate  of  25^ 

cm.  diameter. 


*  Circular  D,  Instrument  Room,  Washington,  1S93. 
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Applying  the  constant  .55  to  the  last  column  of  the  preceding  table,  we  obtain 
the  pressure  per  square  foot  when  the  contact  is  centrally  over  the  twelve  small 

brass  plates,  and  equivalent  to  the  arm  readings  of  1.50  (1.62),  2.50   to  12.50. 

On  the  anemogram,  or  pen  record,  it  would  be  equivalent  to  scale  readings  0  to  66 
half-millimetres,  there  being,  as  already  stated,  a  movement  of  the  pen  of  3  milli- 
metres or  6  divisions  of  the  half-millimetre  scale  for  each  successive  electric  contact. 

Interpolating  for  the  pressures  thus  obtained  the  indicated  velocities,  and  from 
the'Jatter  the  true  velocities  from  the  tables  given  in  Marvin's  paper,  Circular  D, 
referred  to  above,  these  latter  are  reproduced  in  Moore's  'Descriptive  Meteorology,' 
1910,  as  tables  XXVII  and  XXVI  respectively,  we  obtain  the  following  table  in 
which  there  is  an  interpolation  for  the  mean  between  two  successive  contacts, 
or  for  every  3  half-millimetres: — 


Pressure  Table. 


Glass 
Scale 
Reading 

Press- 
ure per 
sq.  ft. 

Indicated 
Velocity 

True 
Velocity 

Glass 
Scale 
Reading 

Press- 
ure per 
sq.  ft. 

Indicated 
Velocity 

True 
Velocity 

i  mm. 

Pounds. 

Miles. 



Miles. 

I  mm. 

Pounds. 

Miles. 

Miles. 

0 

0 

0 

6 

36 

2-41 

28-5 

24-6 

3 

•15 

6 

6 

39 

2-76 

30-7 

26-3 

6 

•31 

9 

8-7 

42 

311 

32-8 

27-9 

9 

•49 

11-7 

110 

45 

3-56 

35-3 

29-8 

12 

•67 

140 

12-9 

48 

401 

37-8 

31-7 

15 

•85 

160 

14-6 

51 

4-52 

40-3 

33-6 

18 

104 

17-9 

16- 1 

54 

503 

42-8 

35-4 

21 

1-25 

19-9 

17-7 

57 

5-57 

45-3 

37-3 

24 

1-46 

21-7 

19-2 

60 

612 

47-8 

39-1 

27 

1-68 

23-4 

20-5 

63 

6-82 

50-7 

41-3 

30 

1-90 

250 

21-8 

66 

7-52 

53-5 

43-4 

33 

2-15 

26-7 

23-2 

Having  constructed  this  table,  a  comparison  became  possible  between  the 
deduced  true  velocity  from  the  formula  for  log  V,  based  upon  the  actual  revolution 
of  the  cups,  and  the  deduced  true  velocity  from  the  actual  pressure  recorded  by  the 
pressure  plate.  This  comparison  is  not  very  simple  or  easy,  especially  for  the 
higher  velocities  and  pressures,  as  for  these  we  seldom  find  them  here  continuous 
for  any  length  of  time,  say  an  hour  or  hours.  For  such,  it  is  necessary  to  take 
measurements  for  shorter  intervals,  for  one  or  several  revolutions  of  the  velocity 
gear  wheel  G,  as  recorded  on  the  time  scale,  and  compare  this  with  the  offset  on 
the  pressure  record  opposite  to  it.  For  instance,  on  Oct.  1  there  was  a  pretty  high 
wind  for  some  hours,  fluctuating,  however.  Between  2  and  3  p.m.  the  maximum 
was  reached,  when,  during  an  interval  of  about  4  minutes,  the  measurements  for 
velocity  gave  an  indicated  velocity  of  39  miles,  while  the  measurement  for  pressure, 
4.01  pounds  to  the  square  foot,  gave  an  indicated  velocity  of  38  miles,  a  fair  inter- 
agreement.  Again,  on  that  same  day,  the  pressure  for  several  hours  kept  pretty 
constant  at  .67  pounds,  indicating  by  the  above  table  a  velocity  of  14  miles,  while 
the  average  velocity  for  that  time  was  16.5  miles,  an  agreement  not  so  accordant 
as  the  preceding  one.  Reducing  those  indicated  velocities  to  true  velocities  would 
not  change  the  comparison  of  the  two  independently  determined  quantities. 

The  instrument  has  worked  satisfactorily  except  on  one  or  two  occasions  when 
glare  ice  (the  freezing  of  rain  in  mild  winter  weather)  prevented  the  free  action  of 
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the  pressure  plate.  A  change  has  been  effected  in  the  bearing  of  the  anemometer 
rod,  which  rested  in  a  steel  cup.  This  latter  serves  now  only  as  a  guide,  the  weight 
being  borne  at  a  shoulder  at  the  upper  part  of  the  rod  on  a  ball-bearing. 

It  may  be  observed  here  that  the  standardizing  of  the  large  anemometers  of 
the  Imperial  Meteorological  Observatory  at  Potsdam,  Germany,  is  done  by  means 
of  a  small  anemometer  which  has  been  standardized  at  the  Deutsche  Seewarte, 
Hamburg,  in  the  usual  manner  by  mounting  it  on  the  extremity  of  a  long  arm  which 
can  be  revolved  at  any  given  speed.  The  revolutions  of  both  arm  and  anemometer 
are  electrically  recorded.  The  small  anemometer  is  then  set  up  in  the  proximity 
of  the  large  one  to  be  standardized,  and  from  the  records  of  both  the  constants  of 
the  latter  are  determined. 

Earthquakes. 

During  the  fiscal  year  there  were  recorded  here  89  earthquakes  of  various 
degrees  of  intensity,  as  shown  on  the  subjoined  record.  The  most  destructive,  as 
far  as  human  lives  are  concerned,  were  the  earthquake  at  Cartago,  in  Costa  Rica, 
on  May  5,  1910,  and  the  one  of  January  3-4,  1911,  in  Turkestan,  Asiatic  Russia, 
where  many  lives  were  lost.  The  distance  to  the  epicentre  of  the  former  was  4,000 
km.  (2,500  miles),  and  to  the  latter,  9,800  km.  (6,100  miles).  It  may  be  opportune 
here  to  refer  to  the  method  of  the  determination  of  the  distance  to  an  epicentre  of  a 
well-recorded  quake,  and  a  severe  quake  may  be  well  recorded  even  if  situate  on 
the  opposite  side  of  the  earth,  but  in  such  case  the  seat  of  disturbance  must  not  be 
shallow,  as  was  the  case  in  the  Massina  destructive  quake,  but  it  must  be  deep- 
seated,  say  extending  beyond  50  km.  beneath  the  surface  of  the  earth,  so  that  it 
may  obtain  a  thorough  grip,  so  to  speak,  to  give  the  earth  a  world-shaking. 

The  routine  of  a  seismogram  here  is  as  follows: — Every  morning  at  10  a.m. 
a  fresh  photographic  sheet  is  put  upon  the  cylinder,  the  exposed  one  taken  to  the 
photographic  room,  developed  and  brought  to  my  room,  where  it  is  examined. 
If  an  earthquake  is  recorded  the  diagram  is  analyzed  into  its  constituent  parts  or 
phases.  It  is  always  gratifying  if,  during  the  quake,  microseisms  are  absent.  These 
are  small  pulsations  of  about  5  seconds  period  and  are  due  to  steep  barometric  grad- 
ients over  the  ocean,  producing  winds  and  consequent  waves  beating  on  the  shores, 
setting  up  vibrations  of  the  land,  particularly  if  the  surf  pounds  on  and  against 
rocky  shores.  On  sand  dunes  it  is  less  effective.  We  first  look  for  the  beginning 
of  the  quake,  or  first  preliminary  tremors,  as  is  the  technical  term.  As  our  seismo- 
graph (there  are  two)  is  a  horizontal  pendulum,  and  consequently  records  horizontal 
displacements  of  the  motion  of  the  ground,  it  is  obvious  that  the  more  distant 
the  quake  the  less  effective  will  be  the  horizontal  component  of  the  longitudinal 
or  compressional  wave  first  arriving  from  the  epicentre,  the  horizontal  component 
disappearing  completely  at  the  antipodal  point  to  the  earthquake,  where  only  the 
vertical  component  would  be  in  evidence  for  that  kind  of  wave,  which  is  the  one 
travelling  with  the  greatest  speed. 

We  minutely  follow  our  zero  line,  which,  in  the  absence  of  a% disturbance,  is 
a  straight  line,  broken  electrically  by  a  short  two-second  interval  every  minute 
by  our  standard  mean-time  clock,  and  note  the  first  deviation  of  the  zero  line, 
at  times  barely  visible,  although  the  motion  is  theoretically  magnified  120  times. 
We  measure  along  the  respective  minute,  represented  by  15  mm.,  the  time  of 
arrival  of  the  first  preliminary  tremors,  designated  by  P,  and  record  it  to  the  in- 
dividual second.  Generally  the  first  indication  of  the  arrival  of  a  wave  is  followed 
within  a  second  or  so  by  a  well-marked  impulse  or  offset  to  the  zero  line. 

We  are  next  concerned  with  the  finding  of  the  second  preliminary  tremors  S, 
produced  by  waves  having  transverse  oscillations,  like  those  of  light  , — distortional 
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waves.  The  horizontal  components  of  these,  for  distant  quakes,  are  generally- 
better  marked  or  recorded  than  those  of  the  preceding  or  longitudinal  waves,  waves 
like  those  of  sound.  Having  thus  identified  the  arrival  of  these  S  waves,  we  have 
the  data  for  determining  the  distance  to  the  epicentre.  However,  we  look  for 
corroborative  evidence,  and  continue  our  analysis  of  the  seismogram.  As  explained 
in  former  reports,  seismologists  recognize  in  the  energy-  of  earthquakes  three  dis- 
tinct forms  of  waves — the  longitudinal  wave,  producing  compression  and  dilatation; 
the  transverse  wave,  producing  distortion;  and  the  surface  wave.  The  first  two 
travel  through  the  earth,  from  the  epicentre  to  any  point  on  the  surface,  along  the 
'brachistochronic'  line  or  curve,  being  the  shortest  time-line  between  the  points, 
and  is  concave  to  the  straight  line  joining  the  points,  the  curvature  being  dependent 
upon  the  constants  of  the  material  within  the  earth  along  its  path,  while  the  last 
travels  along  the  surface. 

As  might  be  surmised,  the  velocity  of  the  first  two,  as  they  dip  into  the  earth 
to  various  depths  with  changing  constants  within  certain  limits,  is  variable,  while 
for  the  surface  waves  the  velocity  is  fairly  constant,  as  established  from  our  own 
records  here  of  various  quakes,  and  of  the  same  quake  using  the  records  of  widely- 
separate  stations. 

Wiechert  and  Zoppritz  compiled,  a  few  years  ago,  the  data  of  severe  quakes 
whose  geographical  co-ordinates  were  well  known,  as  well  as  the  local  time  of 
occurrence.  From  these  time-curves,  improperly  called  by  some,  hodographs, 
were  constructed  the  abscissae  representing  distance  and  the  ordinates,  time. 
From  these,  then,  having  S  —  P  from  a  seismogram,  or  the  difference  in  arrival  of 
the  second  and  first  preliminary  tremors,  the  corresponding  distance  to  produce 
the  difference  in  time  is  found.  Professor  Zeissig  has  interpolated  the  distances 
to  10  km.  intervals  and  published  a  table  for  S  —  P  to  12m.  56s.  corresponding  to  a 
distance  of  13,000  km.  Although  there  is  some  room  for  improvement  in  the  table, 
as  the  compilers  well  recognize,  yet  when  the  distances  are  not  too  great,  say  7,000 
km.,  the  deduced  distances  for  S  —  P  are  in  pretty  good  accord,  say  within  about 
50  km.,  with  the  actual  distances  obtained  later  from  accounts  of  the  earthquake 
in  situ. 

Having  now  obtained  the  distance,  A,  we  look  for  corroboration.  From  our 
time-curve  we  have  the  time  of  propagation  of  either  the  first  or  second  preliminary 
for  that  distance,  i.  e.,  we  find  the  time  of  local  occurrence  of  the  quake.  Knowing 
the  rate  of  propagation  of  the  surface  waves,  which  is  approximately-  200  km.  per 
minute,  we  have  immediately  the  time  when  they  should  make  their  appearance 
on  the  seismogram,  and  this  we  compare  with  what  we  actually  find  to  corroborate 
our  S  —  P  distance.  Again,  it  is  found  that  the  longitudinal  waves  record  themselves 
after  having  been  once  or  even  twice  reflected.  That  is  to  say,  such  waves,  striking 
midway  between  the  epicentre  and  the  respective  recording  station,  are  reflected, 
pursuing  a  similar  course  to  their  preceding  one,  and  emerge  at  the  station  in  a  time 
equal  to  twice  the  time  of  propagation  for  half  the  distance  A  corresponding  to 
S—P.  The  horizontal  component  of  this  reflected  wave,  if  there  has  not  been  too 
much  absorption  owing  to  the  longer  course  or  path,  often  manifests  itself  more 
sharply  owing  to  the  smaller  angle  of  emergence,  calling  the  latter  the  angle  made 
by  the  impulse  with  the  surface  of  the  earth,  the  horizontal  component  being  a 
function  of  the  cosine  of  this  angle.  Thus  the  comparison  of  the  computed  time 
of  arrival  of  this  reflected  wave,  P  Ru  with  the  actually  recorded  time  is  another 
means  of  checking  our  original  deduced  A  from  S  —  P.  We  may  proceed  similarly 
for  P  Ri  for  a  wave  twice  reflected,  that  is,  for  a  wave  that  divides  the  distance 
into  three  equal  paths.  This  wave  is,  however,  less  often  clearly  definable.  We  may 
in  some  cases  be  able  to  identify  reflected  S  waves.    By  the  time  the  5  waves  arrive 
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there  begins  a  medley  of  interferences  that  are  not  really  distinguishable.  By 
the  time  the  surface,  or  long  waves  L,  arrive,  the  field  is  generally  pretty  clear,  the 
P  and  .S  waves  having  spent  themselves.  Unfortunately,  the  earthquake  waves 
and  pulsations  do  not  accommodate  themselves  for  ease  of  reading  and  interpret- 
ation of  the  seismogram.  Probably  in  the  less  number  of  cases  is  the  break-down 
or  cataclysm  one  single  effort,  but  a  series  of  shocks  sending  out  their  waves,  pro- 
ducing thereby  a  rather  complicated  record  that  taxes  one's  skill  to  the  utmost  in 
deciphering  it. 

The  most  important  record  is,  of  course,  the  accuracy  of  the  time  of  arrival 
of  the  first  waves.  From  the  nature  of  our  instrument,  having  photographic  regis- 
tration, and  therefore  free  from  the  friction  inherent  to  mechanical  registration, 
so  much  in  vogue  on  account  of  cheapness,  we  have  been  able  to  detect  move- 
ments of  the  earth  so  slight  that  mechanical  registration  would  not  respond  to  them. 

We  have  now  shown  how  the  distance,  A,  of  an  earthquake  is  found  from  a 
single  seismogram.  For  earthquakes  that  occur  in  inhabited  regions  we  can  sub- 
sequently compare  our  deduced  distance  with  the  actual  one.  This  gives  a  measure, 
on  the  one  hand,  of  the  accuracy  of  our  reading  of  the  seismogram,  and  on  the  other, 
of  the  accuracy  of  the  above  time-curves. 

With  world-shaking  quakes  we  obtain  sometimes  a  record  of  long  waves  that 
have  travelled  along  the  longer  part  of  the  great  circle  passing  through  the  epicentre 
and  station.  In  such  case  the  maximum  amplitudes  of  the  waves  by  the  shorter 
and  longer  paths  give  us  a  measure  of  the  absorption.  By  absorption,  we  under- 
stand the  absorption  of  energy  per  unit  distance,  per  kilometre.  Assuming  that 
the  periods  of  the  two  sets  of  waves  are  the  same,  for  our  amplitude  depends  on  the 
magnification  of  the  instrument,  and  the  magnification  in  turn  on  the  period  of  the 
wave  and  on  the  damping  co-efficient,  we  may  write  the  general  expression  for 
absorption  in  the  form 


in  which  £„  =  original  energy. 

2?a  =  energy  at  distance  A  from  epicentre. 
e  =  base  of  Xaperian  logarithms, 
and  k  =  co-efficient  of  absorption. 
Hence  the  ratio  of  the  energy  at  distance  A  to  that  at  40000  — A,  would  be  as 

_*A    .  —  *(40000—  A)  ,     .          —  *(40000-1A) 

e      to  e  or  as  1  to  e 

The  manifestation  of  the  energy  we  have  expressed  in  our  seismogram  by  the 
maximum  amplitude.  The  energy  at  different  distances  varies  as  the  square  of 
the  amplitudes,  hence  we  have 


where  2.30  is  the  reciprocal  of  log  e. 

The  distance,  40000 — 2A,  is  represented  by  the  time  interval  between  the 
MR,  M  waves,  that  is,  the  times  of  arrival  over  the  distances  40000 — A,  and  over  A. 
If  we  multiply  this  time  interval  by  the  rate  of  propagation  or  velocity,  which  we 
assume  to  be  uniform,  we  obtain  the  desired  distance.    We  may  take  the  average 


and,  therefore, 
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velocity  of  surface  waves  to  be  200  km.  per  minute.  Hence,  if  we  express  MK—M 
in  minutes,  our  formula  becomes 

In  general,  the  former  expression  for  k  is  preferable,  as  we  eliminate  Mx—M,  also 
the  assumed  velocity  of  the  L  waves  to  which  M  belongs. 

It  is  found  that  for  aR  its  value  does  not  vary  appreciably  within  a  fairly  wide 
range  of  the  time  M&,  and  furthermore,  that  its  actual  measure  on  the  seismogram 
is  small,  very  small,  and  difficult  to  express  with  much  accuracy,  the  error  of  reading 
being  large  compared  with  the  quantity  to  measure.  However,  admitting  these 
uncertainties,  yet  it  is  found  by  different  investigators,  and  from  the  records  of 
different  earthquakes,  that  the  co-efficient  of  absorption  appears  to  lie  between 
.00015  and  .00035. 

Taking  the  seismogram  here  of  the  recent  severe  earthquake,  January  3-4, 
1911.  in  Turkestan,  where  we  had  a  record  of  the  M  and  MR  waves,  the  value  of  k  is 
found  to  be  .00032. 

Having  dealt  with  the  interpretation  of  the  seismogram,  as  far  as  A  and 
fc  are  concerned,  we  shall  turn  to  the  location  of  an  earthquake,  i.e.,  of  its  epicentre. 
In  my  previous  report  it  was  shown  how  such  location  may  be  effected  graphically 
by  means  of  the  stereographic  projection;  our  data  being  the  values  of  A  for  three 
stations,  not  too  close  together,  and  the  geographical  co-ordinates  of  the  latter. 
This  method  has  proved  very  satisfactory,  and,  for  accuracy,  quite  in  keeping  with 
the  accuracy  of  A.  It  goes  without  saying  that  careful  plotting  or  drawing  is 
essential  for  obtaining  satisfactory  results. 

Instead  of  computing  for  every  world-shaking  earthquake  the  necessary 
values  of  d  and  r,  required  in  our  stereographic  projection,  the  following  tables* 
were  computed,  so  that  by  simple  inspection  or  interpolation  for  any  distance  A 
up  to  13,000  km.  the  corresponding  values  of  d  and  r  are  obtained.  It  will  be 
remembered  that  d  represents  the  distance  from  the  Pole  along  the  respective 
meridian  line  to  the  centre  of  the  circle  or  arc,  radius  r,  on  which  the  epicentre  lies. 
The  values  of  d  and  r  are  computed  from 

,  cos  <p  sin  A 

"  =  ~ =  i  "T  >  r  —  ~  i  *~- 

sin  <p  +  cos  A  sin  tp  4-  cos  A 

We  may  give  an  example  of  the  application  of  the  above  tables  for  locating  an 
epicentre,  taking  the  Turkestan  earthquake  already  referred  to.  As  stations,  we 
take  Strassburg,  Pulkowa  and  Ottawa,  using  their  published  time  records  of  P 
and  S  for  obtaining  A,  Zeissig's  tables.    We  thus  have  the  following  data: — 

Strassburg  <p=  48° 35',  X=  7°40'£,  A  =  5300  km.  =  47° 42' 
Pulkowa  <p  =  59°46',  A  =  30°  20'£,  A  =  3690  km.  =  33°  13' 
Ottawa      v  =  45°24',  A  =  75 ° 43 'W,  A  =  9800  km.  =  88°  12' 

Interpolating  from  our  above  table  we  get  for 

Strassburg  d  =  4.65,  r  =  5.20 
Pulkowa     d  =  2.95,  r=  3.16 
Ottawa      d  =  9.45,  r=  13.45 
in  terms  of  radius  =  10  cm. 


*  These  tables  will  appear  in  the  Publications  of  the  Dominion  Observatory  as  Vol  I,  No.  1. 
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In  the  accompanying  figure  we  have  the  primitive  circle  on  which  the  pro- 
jection is  made  of  10  cm.  radius.  We  proceed  to  draw  the  meridian  lines  for  each 
station,  being  simply  the  longitude  from  Greenwich,  or  zero  meridian,  d  is  laid 
off  from  the  Pole  along  the  respective  meridian,  and  gives  the  centre  of  the  circle 
of  which  r  is  the  radius.  Laying  off  the  three  d's  and  describing  the  three  arcs 
we  find  them  to  intersect,  if  not  at  a  mathematical  point,  yet  very  close  to  each  other. 


Theoretically  if  the  earthquake  emanated  from  a  point,  and  our  A's  were 
absolutely  correct,  then  the  intersection  with  careful  drawing  would  practically 
represent  a  point  for  the  epicentre.  As  a  matter  of  fact,  however,  the  earthquake 
or  break-down  is  not  a  point,  but  more  properly  a  plane,  so  that  we  can  scarcely 
expect  our  intersections  to  have  a  common  point,  but  instead  to  form  a  minute 
triangle,  of  which  we  take  the  centre  of  gravity  as  the  most  probable  point  of  the 
greatest  intensity  of  the  seismic  disturbance. 

From  the  distance  of  the  Pole  to  this  point  in  our  construction  we  obtain  the 
latitude  of  the  epicentre,  for  this  distance  is  equal  to  tan  (45°  — 5^0),  where  <pQ 
is  the  latitude  of  the  epicentre.    The  longitude  is  read  directly  on  our  circle,  simply 
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by  drawing  the  meridian  line  from  the  Pole  through  the  point  or  epicentre.  In 
our  diagram,  the  distance  from  the  Pole  is  4.28  cm.,  representing  the  tangent  of 
23°10',  hence  <p„  =43°40',  and  the  longitude  we  find  to  be  78°  20'E.  The  epicentre 
of  this  quake  has  thus  been  found  to  be  in 

<?  =  43° 40',  X  =  78°20'£. 

Prince  Galitzin  found,  by  his  method,  the  geographical  co-ordinates  to  be  <p  = 
43°14',  A  =  78°  24',  a  very  close  agreement. 

The  epicentre  has  thus  been  found  in  a  simple  and  expeditious  manner,  and  with 
an  accuracy  quite  in  keeping  with  our  data. 

With  a  larger  scale,  say  of  20  cm.  for  radius  of  our  circle,  we  can  attain  some- 
what greater  accuracy.  However,  I  find  that  with  careful  plotting  that  the  10  cm. 
radius  serves  the  purpose  quite  well.  To  force  the  accuracy  of  our  result  within  a 
few  kilometres  when  our  data  lack  such,  is  like  cracking  walnuts  with  a  sledge- 
hammer. With  the  present  conditions,  I  think  we  are  doing  pretty  well  if  we  feel 
fairly  sure  of  our  half  degree  in  the  location  of  our  epicentre.  As  the  absolute  time 
at  some,  perhaps  many,  stations  is  not  very  accurately  known,  thereby  affecting 
the  time  record,  it  will  be  noted  that  in  the  above  method  the  absolute  time  does  not 
enter,  but  only  the  time  difference  S—P,  in  short,  the  method  is  independent  of  the 
time  correction.  However,  for  other  reasons,  it  is  highly  desirable  that  all  stations 
have  their  time  accurate  within  a  second. 

From  our  stereographic  projection  we  may  also  deduce  the  azimuth  of  the 
epicentre.  The  azimuth  is  the  angle  at  the  station  between  the  meridian  and  the 
tangent  to  the  great  circle  passing  through  the  station  and  epicentre.  For  des- 
cribing this  circle  we  have  three  points,  the  station,  its  nadir,  and  the  epicentre. 
The  station  is  projected  on  the  meridian  line  at  the  distance  of  tan  (45°  —  \<p), 
and  the  nadir  at,  and  in  the  opposite  direction,  of  cot  (45°  —  \<p).  We  have  thus 
three  points  cut  by  the  circle.  The  three  points  form  a  triangle  in  the  circle,  and 
the  angle  at  the  epicentre,  from  simple  geometrical  relations,  is  equal  to  180°  — -4, 
where  A  is  the  required  azimuth. 

In  the  figure,  the  points  for  tan  and  cot  (45°  —  \ip)  for  the  three  stations,  and 
the  connecting  lines  to  the  epicentre,  are  not  drawn,  to  avoid  confusion. 

In  the  original  drawing  we  find  graphically  for  Ottawa  .4  =  18°,  and  solving 
trigonometrically  the  spherical  triangle,  Pole  — station  — epicentre,  we  obtain  A  = 
18°  27'.  Similarlv,  for  Strassburg  we  find  graphically  A  =  111°  30',  computed, 
A  =  112°05';  and  for  Pulkowa  graphically  4=97°45',  computed,  A  =97° 28'. 
Prince  Galitzin  obtains  the  mean,  from  the  maximum  amplitudes  at  the  beginning 
of  the  first  preliminary  tremors,  A  =  97°57'. 

The  above  azimuths  are  reckoned  from  north  through  east. 

In  some  other  methods  the  azimuth  enters  into  the  determination  of  the  epi- 
centre, which  is  not  the  case  in  the  method  described.  It  will  now  be  shown  briefly 
how  the  stereographic  projection  adapts  itself  also  for  plotting  with  azimuth  and 
distance.  We  have  given  A  and  A .  On  the  meridian  line  of  any  station  we  have 
t  hree  known  points,  their  distances  from  the  Pole  being  respectively 

— :  C°S  y  r,  tan  (45°  —  ia>),  and  cot  (45°  —  hp), 

sm<p  +  cos  A        v        2vy'  v  vr" 

as  already  explained;  furthermore,  the  angle  A  at  the  station,  which  gives  the 
tangent  to  the  circle  through  the  station  and  its  nadir.  Hence  the  circle  can  be 
described  having  given  a  chord  (station  to  its  nadir)  and  tangent. 
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Finally  we  draw  an  arc  with  radius  r=  .  — ^  at  the  distance  d 

J  sin  if  +  cos  A 

from  the  centre . 

Where  this  arc  cuts  the  above  circle  is  the  epicentre,  whose  geographical  co- 
ordinates are  then  determined,  as  already  described. 

The  stereographic  projection  for  the  location  of  the  epicentre  of  a  world- 
shaking  earthquake  has  already  been  adopted  by  quite  a  number  of  stations  on 
account  of  its  simplicity. 

Microseisms. 


These  pulsations  that  are  world  wide,  and  are  recorded  by  modern  instruments 
at  every  earthquake  station,  have  been  dealt  with  somewhat  fully  in  former  reports. 
Although  their  complete  analysis  has  not  yet  been  effected  by  any  one,  yet  their 
cause,  with  the  additional  data  as  obtained  here,  is,  as  was  deduced  from  previous 
years'  records,  due  to  the  presence  of  a  barometric  'Low'  with  steep  gradients  on 
the  ocean  near  the  coast,  thereby  setting  up  winds,  followed  by  waves  beating  on 
the  rocky  shores  of  Eastern  Canada  and  the  New  England  States.  If  these  shores 
were  sandy  beaches  or  lined  with  sand  dunes  throughout,  the  effect  of  the  waves 
or  surf  would  be  materially  lessened  in  producing  these  microseisms.  The  period 
of  these  pulsations  does  not  vary  very  much,  lying  generally  between  4  and  6  seconds. 
The  steeper  the  gradients  of  the  'Low'  the  greater  will  be  the  amplitudes  of  the 
oscillations  shown  on  the  seismogram,  while  the  period  generally  increases  some- 
what, but  not  by  any  means  in  the  proportion  of  the  amplitudes.  Whether  the 
periods  synchronize  exactly  with  the  surf  has  not  yet  been  established.  The  writer 
has  on  several  occasions,  during  stormy  weather  on  a  trip  across  the  Atlantic, 
counted  the  period  of  the  waves  as  manifested  by  the  pitching  and  dipping  of  the 
steamer,  and  found  the  period  to  be  8,  9,  or  10  to  the  minute,  ?'.  e.,  6  to  7|  seconds. 

At  the  meeting  of  the  International  Seismological  Association  at  Zermatt,  in 
September,  1909,  a  special  committee  on  microseisms  was  constituted,  of  which 
the  writer  is  a  member,  to  have  an  instrument  designed,  constructed  and  mounted 
at  the  sea-shore  for  counting  the  waves,  that  is,  of  determining  their  period,  so 
that  the  relationship  between  the  latter  and  microseisms  may  be  studied. 
The  instrument  is  now  in  course  of  construction  by  the  Cambridge  Scientific 
Instrument  Company,  so  that  results  may  be  looked  forward  to  during  the  present 
year.  One  thing  has  been  definitely  established  here,  and  that  is,  that  microseisms 
have  their  origin  on  the  ocean.  One  cannot  but  marvel  that  at  a  station  hundreds 
of  miles  from  the  nearest  sea-shore,  as  Ottawa  is,  the  earth  should  beset  in  vibration, 
and  such  vibration  be  recorded,  in  consequence  of  an  agitated  sea. 

In  the  accompanying  Fig.  8,  the  prevalence  of  microseisms  during  the  year 
1910  is  graphically  shown.  The  daily  record  has  been  grouped  by  five  days.  The 
mean  of  the  maximum  amplitudes  for  every  five  days  has  Ven  taken,  or  six  groups 
for  each  month,  and  plotted  as  ordinate.  A  smooth  curve  was  then  drawn  between 
the  points  so  plotted. 

It  will  be  observed  that  the  microseisms  become  very  marked  in  October  and 
continue  so  with  some  variation  till  the  end  of  March,  corresponding  to  more  or 
less  boisterous  weather  on  the  North  Atlantic.  February  shows  the  most  sustained 
large  amplitude  of  microseisms.  July  and  August  are  almost  quiescent,  which, 
too,  agrees  with  the  long  barometric  gradients  in  the  gulf  of  St.  Lawrence  and 
adjoining  Atlantic. 
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The  effective  beating  of  the  surf,  due  to  steep  gradients,  is  undoubtedly 
affected  by  the  direction  of  the  wind,  i.  e.,  blowing  on-shore  or  off-shore.  This 
differentiation  of  direction  has  not  yet  been  carried  out  in  the  analysis  of  microseisms. 

Microseisms,  especially  if  of  much  amplitude,  are  a  very  disturbing  element 
in  reading  the  first  phase  of  an  earthquake  record,  more  particularly  of  a  distant 
one,  for  which  the  horizontal  component  is  always  weak,  and  at  best  sometimes 
difficult  to  read. 

For  the  identification  of  the  various  phases  and  as  an  aid  for  the  reading  of 
seismograms,  the  following  table,  being  re-arranged  from  the  one  of  Dr.  V.  Conrad*, 
of  time  intervals  between  phases,  as  indicated  at  the  head  of  each  column,  is  given. 


Phase  Table. 


Distance 

S-P 

PRi-P 

PRz-P 

PRz-P 

SRv-S 

SR2-S 

SRrS 

eL-P 

km. 

s. 

s. 

s. 

s. 

s. 

s. 

s. 

min. 

1000 

10S 

1-9 

1100 

118 

21 

1200 

128 

2-3 

1300 

137 

2-5 

1400 

147 

2-7 

1500 

157 

2-9 

1600 

166 

31 

1700 

175 

3-4 

1800 

185 

3-6 

1900 

194 

3-8 

2000 

203 

is 

is 

i9 

28 

34 

36 

40 

2100 

211 

17 

21 

22 

32 

39 

42 

4-3 

2200 

220 

19 

24 

25 

35 

44 

48 

4-5 

2300 

228 

21 

27 

28 

39 

48 

54 

4-8 

2400 

237 

23 

30 

31 

42 

53 

60 

5-0 

2500 

245 

25 

33 

34 

46 

58 

66 

5-3 

2600 

253 

28 

36 

37 

51 

65 

73 

5-5 

2700 

260 

31 

40 

41 

56 

71 

81 

5-8 

2800 

268 

34 

43 

44 

61 

78 

88 

60 

2900 

275 

37 

47 

48 

66 

84 

96 

6-3 

3000 

283 

40 

50 

51 

71 

91 

103 

6-5 

3100 

290 

43 

55 

56 

77 

99 

111 

6-8 

3200 

297 

46 

59 

61 

83 

107 

119 

7-1 

3300 

303 

49 

64 

66 

89 

114 

128 

7-3 

3400 

310 

52 

68 

71 

95 

122 

136 

7-6 

3500 

317 

55 

73 

76 

101 

130 

144 

7-9 

3600 

323 

58 

77 

81 

107 

13S 

153 

8-2 

3700 

329 

62 

82 

86 

113 

146 

161 

8-4 

3800 

335 

65 

86 

92 

119 

153 

170 

8-7 

3900 

341 

69 

91 

97 

125 

161 

178 

90 

4000 

347 

72 

95 

102 

131 

169 

187 

9-3 

4100 

353 

76 

100 

107 

137 

178 

197 

9-6 

4200 

359 

80 

105 

113 

144 

187 

207 

9-9 

4300 

364 

84 

109 

US 

150 

196 

216 

10-2 

4400 

370 

88 

114 

124 

157 

205 

226 

10-5 

4500 

376 

92 

119 

129 

163 

214 

236 

10  S 

4600 

381 

95 

124 

135 

170 

223 

247 

111 

4700 

386 

98 

129 

141 

177 

233 

258 

11-4 

4800 

391 

102 

133 

146 

183 

242 

269 

11-7 

4900 

396 

105 

138 

152 

190 

252 

2S0 

120 

5000 

401 

108 

143 

158 

197 

261 

291 

12-3 

*  "Seismische  Registrierungen  in  Wien."    K.  Akad.  d.  Wissen.  Neue  Folge  No.  39. 
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Phase  Table  (Continued). 


Distance 

S-P  \  PRl-P 

PR-.-P 

PRz-P 

SR,-S 

SR2-S 

SR>-S 

eL  —  P 

km. 

8. 

s. 

8. 

8. 

s. 

s. 

B, 

min. 

5100 

407 

112 

149 

164 

203 

270 

302 

12-6 

5200 

412 

116 

155 

171 

209 

280 

313 

12-9 

■MIX) 

418 

119 

160 

177 

214 

289 

324 

13-3 

5400 

423 

123 

166 

184 

220 

299 

335 

13-6 

5500 

429 

127 

172 

190 

226 

308 

346 

13-9 

5600 

434 

130 

177 

197 

232 

317 

356 

14-2 

5700 

440 

134 

183 

204 

237 

326 

366 

14-5 

5S00 

445 

137 

188 

210 

243 

334 

376 

14-8 

5900 

451 

141 

194 

217 

248 

343 

386 

151 

6000 

456 

144 

199 

224 

2.54 

352 

396 

15-5 

6100 

461 

147 

201 

230 

259 

360 

407 

15-8 

6200 

467 

150 

209 

236 

263 

368 

417 

16- 1 

(BOO 

472 

153 

215 

242 

268 

377 

428 

16-5 

6400 

478 

156 

220 

24S 

272 

385 

438 

16-8 

6500 

483 

159 

225 

254 

277 

393 

449 

17-1 

0600 

488 

162 

230 

260 

281 

401 

459 

17-4 

0700 

493 

165 

235 

266 

285 

40S 

468 

17-7 

6S00 

499 

167 

240 

271 

290 

416 

478 

180 

6900 

504 

170 

245 

277 

294 

423 

487 

18-3 

7000 

509 

173 

250 

283 

298 

431 

497 

18-6 

7100 

514 

175 

254 

289 

301 

439 

507 

18-9 

7200 

519 

177 

258 

294 

305 

447 

517 

19-3 

7300 

524 

179 

262 

300 

308 

455 

527 

19-6 

7400 

529 

181 

266 

305 

312 

463 

537 

20  0 

7500 

534 

183 

270 

311 

315 

471 

547 

20-3 

7600 

539 

186 

274 

317 

318 

478 

556 

20-6 

7700 

545 

188 

279 

323. 

321 

484 

565 

20-9 

7800 

550 

191 

283 

328 

323 

491 

573 

21-3 

7900 

556 

193 

288 

334 

326 

497 

582 

21-6 

8000 

561 

196 

292 

340 

329 

504 

591 

21-9 

8100 

566 

19S 

296 

346 

332 

511 

ea) 

22  •  2 

S200 

571 

199 

300 

351 

334 

51S 

610 

22-5 

8300 

575 

201 

303 

357 

337 

525 

619 

22-9 

SUM! 

580 

202 

307 

362 

339 

532 

629 

23-2 

S500 

585 

204 

311 

368 

342 

539 

63S 

23-5 

8600 

590 

206 

315 

373 

344 

545 

647 

23-8 

8700 

595 

20S 

319 

379 

347 

551 

656 

24  1 

8800 

600 

209 

323 

384 

349 

557 

664 

24-5 

8900 

(i06 

211 

327 

390 

352 

563 

673 

24-8 

9000 

611 

213 

331 

395 

354 

569 

682 

25  1 

!»1(XI 

616 

215 

335 

400 

356 

575 

691 

25-4 

9200 

621 

217 

338 

405 

358 

581 

699 

25-8 

9300 

625 

220 

342 

411 

361 

587 

70S 

26  1 

9400 

630 

222 

345 

416 

363 

593 

716 

26-5 

9500 

635 

224 

349 

421 

3&5 

599 

725 

26-8 

9000 

640 

225 

353 

426 

367 

605 

TOO 
1  OO 

OT  1 
J.  i  '  I 

9700 

644 

226 

357 

431 

368 

611 

742 

27-4 

9800 

649 

227 

362 

435 

370 

617 

750 

27-8 

9900 

653 

228 

366 

440 

371 

623 

759 

28-1 

10000 

658 

229 

370 

445 

373 

629 

767 

28-4 

10100 

662 

230 

373 

451 

376 

635 

776 

28-7 

lojixi 

667 

230 

376 

456 

379 

640 

784 

29  1 

10:500 

671 

231 

380 

462 

381 

646 

793 

29-4 

10400 

676 

231 

383 

467 

384 

651 

801 

29  -8 

10500 

6S0 

232 

386 

473 

387 

657 

S10 

30- 1 

10600 

684 

234 

390 

478 

389 

662 

819 

30-4 

107(X) 

688 

235 

394 

483 

391 

668 

827 

30  -8 

lOS(X) 

693 

237 

397 

488 

393 

673 

!  836 
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Phase  Table  {Concluded). 


Distance 

S-P 

PRt-P 

PRz-P 

PRz-P 

SRL-S 

SRi-S 

5i?3-5 

eL-P 

km. 

s. 

S. 

s. 

s. 

s. 

s. 

s. 

min. 

10900 

697 

238 

401 

493 

395 

679 

844 

31-5 

11000 

701 

240 

405 

498 

397 

684 

853 

31-8 

11100 

705 

241 

409 

503 

400 

689 

859 

32- 1 

11200 

709 

242 

412 

507 

403 

695 

805 

32-5 

11300 

713 

243 

410 

512 

.  405 

700 

872 

32-8 

11400 

717 

244 

419 

510 

408 

706 

878 

33-2 

11500 

721 

245 

423 

521 

411 

711 

8S4 

33-5 

11000 

725 

247 

420 

520 

414 

716 

894 

33-8 

11700 

729 

249 

429 

530 

417 

722 

904 

34-2 

11800 

733 

252  . 

432 

535 

421 

727 

915 

34-5 

11900 

737 

254 

435 

539 

424 

733 

925 

34-9 

12000 

741 

250 

438 

544 

427 

73S 

935 

35-2 

12100 

745 

257 

442 

549 

430 

744 

944 

35-5 

12200 

748 

259 

445 

555 

434 

750 

952 

35-9 

12300 

752 

200 

449 

500 

437 

7.55 

901  ■ 

36-2 

12400 

755 

202 

452 

500 

441 

761 

909 

36-0 

12500 

759 

203 

456 

571 

444 

707 

978 

30-9 

12000 

702 

205 

459 

570 

448 

773 

9S6 

37-3 

12700 

700 

207 

402 

581 

452 

778 

994 

37-0 

12800 

709 

209 

400 

585 

455 

784 

1001 

38-0 

12900 

271 

409 

590 

459 

789 

1009 

38-3 

13000 

rm 

l  10 

273 

472 

595 

403 

795 

1017 

►  3S-7 

The  following  table  gives  the  times  of  transmission  along  the  respective  paths 
of  the  longitudinal  (P),  and  transverse  (S)  waves  (first  and  second  preliminary 
tremors)  from  the  earthquake  centre  to  points  on  the  surface  of  the  earth,  distant 
the  respective  number  of  kilometres  (every  100  km.),  measured  on  the  surface, 
from  the  epicentre.  The  original  table  or  curve  by  Zoppritz  gives  the  values  for 
every  500  km.    The  intermediate  values  have  been  interpolated. 


Transmission  Times  of  P  and  5  Waves. 


Distance 

P 

5 

Distance. 

P 

5 

Distance. 

P 

5 

km. 

s. 

s.  ' 

km. 

s. 

s. 

km. 

s. 

s. 

100 

14 

25 

1700 

222  - 

398 

3300 

384 

088 

200 

28 

50 

1S00 

234 

418 

3400 

393 

703 

300 

41 

74 

1900 

245 

439 

3500 

402 

719 

400 

55 

99 

2000 

257 

400 

3000 

410 

733 

500 

69 

124 

2100 

26S 

479 

3700 

418 

747 

000 

82 

148 

2200 

278 

498 

3S00 

426 

701 

700 

96 

172 

2300 

289 

517 

3900 

434 

775 

800 

109 

190 

2400 

299 

530 

4000 

442 

789 

900 

123 

220 

2500 

310 

555 

4100 

449 

802 

1000 

136 

244 

2000 

320 

572 

4200 

456 

815 

1100 

149 

200 

2700 

329 

589 

4300 

404 

828 

1200 

161 

289 

2800 

339 

607 

4400 

471 

841 

1300 

174 

311 

2900 

348 

624 

4500 

478 

S54 

1400 

186 

334 

3000 

358 

641 

4600 

485 

866 

1500 

199 

350 

3100 

367 

657 

4700 

492 

878 

1600 

211 

377  , 

3200 

370 

672 

4S00 

498 

889 
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Transmission  Times  of  P  and  5  Waves. — Concluded. 


TV 

p 

TV 

p 

c 
o 

rv 

Uistance. 

p 

o 
O 

Kill. 

8. 

s. 

km. 

s. 

8. 

km. 

8. 

8. 

n  iaa 

-A": 
OUJ 

tun 

7700 

671 

1216 

1O100 

815 

1491 

■  1 1  - 

\flo 

7S00 

677 

1227 

10500 

820 

1500 

01UU 

Q9£ 

yjo 

79(H) 

682 

1238 

10600 

S25 

1509 

=.0,1 

i  too 

S(H  H I 

688 

1249 

lo,  m 

830 

1518 

OovnJ 

•>oU 

vJ-iO 

sioo 

694 

1259 

KMH) 

834 

1527 

KACtft 
D-iUU 

OoO 

QRQ 

yoy 

8200 

699 

1270 

109(H) 

839 

1536 

-  <•) 

04J 

Q71 

1 

K3(H) 

705 

1280 

11000 

844 

1545 

DOUU 

("ICO 

8400 

710 

1291 

11100 

849 

15.54 

Oi  y  n  1 

EC  4 

on  j. 

8500 

716 

1301 

11200 

853 

1562 

OoU 

iwu 

8600 

721 

1312 

11300 

858 

1571 

OOD 

S7(H) 

727 

1322 

11100 

862 

1579 

DUUU 

(WO 

1 AOC 

8800 

732 

1333 

11.500 

867 

1588 

u  i  iiu 

C7Q 

i  ri'iQ 

S9(H) 

738 

1343 

11600 

871 

1596 

O-UU 

KC  1 

OS4 

ILmU 

90(H) 

743 

13.5-1 

11700 

875 

1604 

C&QfVt 

DoUU 

Ron 

1UO- 

9100 

748 

1364 

11S00 

880 

1613 

6400 

595 

1073 

9200 

753 

1374 

11900 

884 

1621 

6500 

601 

10S4 

9300 

759 

13S4 

12000 

888 

1629 

6600 

607 

1095 

'.'4(H) 

764 

1394 

12100 

892 

1637 

0700 

613 

1106 

9500 

769 

1404 

12200 

896 

1645 

«s<)0 

619 

111S 

9600 

774 

1414 

12300 

901 

1652 

6000 

625 

1129 

9700 

779 

1424 

12400 

905 

1660 

7000 

631 

1140 

9800 

785 

1433 

12500 

909 

166S 

7100 

637 

1151 

9900 

790 

1443 

12600 

913 

1675 

7200 

643 

1162 

10000 

795 

1453 

12700 

917 

16S3 

7300 

648 

1172 

10100 

800 

1462 

12800 

921 

1690 

7400 

6.54 

1183 

10200 

805 

1472 

12900 

925 

1698 

7500 

660 

1194 

10300 

810 

1481 

13000 

929 

1705 

7600 

666 

1205 

1 

This  table  is  useful  for  finding  the  time  of  occurrence  of  the  quake  at  the  epi- 
centre, and  thereby  one  is  enabled  to  check  the  times  of  arrival  of  the  P  and  S  waves 
at  different  stations.  When  making  comparisons  of  the  different  records  for  a 
given  quake  one  is  almost  sure  to  find  discordances  in  the  times  given  for  the 
phases,  particularly  for  the  first,  or  P  phase. 

It  happens,  not  infrequently,  that  for  a  distant  quake  the  P  waves  fail  to  record 
at  all,  the  horizontal  component  of  the  impulse  being  so  small,  and  that,  instead, 
the  S  waves  are  read  for  P  waves.  In  such  a  case  the  above  table  helps  to  show  up 
such  erroneous  readings. 

Frequently,  in  dealing  with  the  determination  of  the  epicentre  of  an  earth- 
quake, we  have  before  us  a  collection  of  records  far  from  harmonious;  on  the  con- 
trary, the  records  are  conflicting,  and,  like  a  case  before  a  judge,  the  evidence  of 
each  witness  has  to  be  carefully  weighed,  circumstantial  evidence  must  be  taken 
into  account,  so  that  the  verdict  may  harmonize,  as  well  as  possible,  with  the  nature 
of  the  evidence  submitted. 

A  great  drawback  in  the  location  of  earthquakes  in  uninhabited  parts,  or  in 
the  ocean,  is  the  very  unsymmetrical  distribution  of  earthquake  stations,  reliable 
ones,  around  the  earth. 

The  determination  of  an  epicentre  is  generally  in  the  nature  of  a  triangulation, 
graphically  or  mathematically,  for  which  purpose  it  is  obvious  that  our  triangles 
should  be  'well-conditioned'  for  reliable  results. 
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When  we  are  obliged  to  use  the  data  of  stations  that  are  close  together,  we  do 
not  have  the  conditions  necessary  for  getting  satisfactory  results.  For  such  stations, 
an  inaccuracy  of  some  seconds  in  the  reading  of  a  seismogram,  when  combined  with 
those  of  nearby  stations,  may  give  widely  different  geographical  co-ordinates  for  the 
epicentre. 

Although  Japan  has  many  earthquake  stations  for  studying  the  seismic  con- 
dition of  the  country,  it  is  to  be  regretted  that  Japan  does  not  publish  weekly  or 
monthly  bulletins,  as  so  many  other  stations  do,  of  the  earthquakes  recorded  else- 
where.   It  would  be  so  helpful  in  their  location. 

The  following  table,  computed  for  radius  6,367  km.,  gives  the  chord  and  middle 
ordinate  for  successive  values  of  the  arc  from  1,000  to  20,000  km.,  or  9°  to  180°. 


Arc. 

Chord. 

Middle 
Ordinate. 

Arc. 

1 

Chord. 

Middle 
Ordinate 

1000  km. 

Angular. 

1000  km. 

Angular. 

km. 

km. 

km. 

km. 

1 

9°  00' 

999 

20 

11 

99°  00' 

9683 

2232 

1-5 

13°  30' 

1497 

44 

11-5 

103°  30' 

10000 

2425 

2 

18°  00' 

1992 

78 

12 

108°  00' 

10302 

2625 

2-5 

22°  30' 

2484 

122 

12-5 

112°  30' 

10588 

2830 

3 

27°  00' 

2973 

176 

13 

117°  00' 

10858 

3040 

3-5 

31°  30' 

3456 

239 

13-5 

121°  30' 

11110 

3256 

4 

36°  00' 

3935 

312 

14 

126°  00' 

11346 

3477 

4-5 

40°  30' 

4407 

394 

14-5 

130°  30' 

11564 

3702 

5 

45°  00' 

4S73 

485 

15 

135°  00' 

11765 

3930 

5-5 

49°  30' 

5331 

585 

15-5 

139°  30' 

11947 

4163 

6 

54°  00' 

5781 

694 

16 

144°  00' 

12111 

4400 

6-5 

58°  30' 

6222 

812 

16-5 

148°  30' 

12256 

4639 

7 

63°  00' 

6654 

93S 

17 

1.53°  00' 

12382 

4881 

7-5 

67°  30' 

7074 

1073 

17-5 

157°  30' 

12489 

5125 

8 

72°  00' 

74S5 

1216 

18 

162°  00' 

12577 

5371 

8-5 

76°  30' 

7884 

1367 

18-5 

166°  30' 

12646 

5619 

9 

81°  00' 

8270 

1525 

19 

171°  00' 

12695 

5867 

9-5 

85°  30' 

8644 

1692 

19-5 

175°  30' 

12724 

6117 

10 

90°  00' 

9004 

1865 

20 

1S0°  00' 

12734 

6367 

10-5 

94°  30' 

9351 

2045 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Obsen'atory,  Ottawa, 
Canada.  Latitude  45°  23'  38",  Longitude  75°  42'  57"  or  o"  02"  51*  .8  W. 
Greenwich.  Time:  Mean  Greenwich,  midnight  to  midnight.  Instruments: 
Two  Bosch  photographic  horizontal  pendulums.     Nomenclature:  Gottinger. 


Fo. 

Date 

Char. 

Phase 

Time 

1910. 

h.  m.s. 

1 

Apl.  3 

I 

eh 

19-35 • 5 

F 

19-57 

2 

Apl.  11 

I 

eh 

8-17 

3 

Apl.  12 

"u 

eP? 

0-35-20 

e 

0-40-50 

iPR, 

0-41-31 

iS 

0-46-44 

M 

O46-50 

PSb 

0-48-07 

eh? 

0-50-15 

ehn 

1-03-36 

ehg 

1-06-20 

hE 

1-10 

F 

2-0 

4 

Apl.  13 

I 

e 

o-oO— 4  b 

eh 

7-02 

F 

7-38 

5 

Apl.  27 

I 

eSK? 

1-3S-49 

eh 

1-47 

F 

2-10 

6 

May  1 

h 

e 

19-01 

ehg 

19-32  to 

19-37 

hB 

19-43  to 

19-51 

F 

20-25 

Period 


Amplitude 


As  As 


Remarks 


s. 
14 


14 


20 


14 


17 

24 
17 


12 


18 


Earthquake  report- 
ed from  Califor- 
nia. 


Epicentre  11,000 
km. 


N  compouent  very 
weak. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


No. 


Date. 


Char. 


Phase. 


Time. 


Period 

Amplitude. 

Ae 

4.V 

s. 
3 

M 

M 

4 

20 

4 

2 

2 

2-3 

20 

1 

2-5 

5 

8 
14 

12 

7 

12 
11 

Remarks. 


1910. 

May  5 


May  11 


May  12 


10 


May  13  II 


h.  m.  s. 

Pit? 

0-34-50 

PRJ 

0-36-07 

SB 

0-40-35 

Le 

0-45-5 

L 

46  to  50 

ME 

0-49 

Mn 

0-51 

F 

1-20 

Par 

7-31-39 

PRi 

7-32-23 

SB 

7-36-5 

Le 

7-40 

F 

8-03 

PN 

9-11-03 

SB 

9-15-06 

es 

9-18-40 

esu 

9-20-06 

esu 

9-20-08 

Me 

9-28 

F 

9-45 

P 

8-07-20 

S 

8-14-36 

L 

8-21-16 

L 

8-25 

M 

8-32 

L 

8^3 

L 

8-53 

Distance,  4000  km. 
Earthquake  re- 
ported Cartago, 
Costa  Rica. 


Distance,'  3000  km. 
(San  Domingo)? 


Distance,  2500  km. 
No  L  recognizable. 


Distance,  5600  km. 


25a— 3 
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Recobd  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Period 

Amplitude. 

A  _ 
.'IB 

- 1  .V 

s. 

M 

n 

3 
8 

16 

36 
20 
15 

10 

36 
19 
16 

25 

9 

16 

No. 


Date. 


Char.  Phase. 


Time. 


Remarks. 


11 


12 


13 


1910. 
May  13 
May  15 


May  20 


May  22 


14 


May  31 


F 

Pn? 
eLE? 
F 
P 
S 
L 
L 
L 
M 
L 
F 
P 

PRt 
S 
L 
LE 
Lb 
Lxb 
F 
P 
M 
PRi 
s 

SRt 

L 
L 


h.  m.  s. 

10-27 

16-04-20 

16-07 

16-20 

12-12-18 

12-17-10 

12-20-20 

12-22 

12-24 

12-26-5 

12-32 

12-55 
0-36-28 
6-39-33 
6^17-13 

6-  57 

7-  07 
7-15 
7-22 
S-00 
5-02-22 
5-02-38 
5-03-51 
5-0S-00 
5-08-30 
5-1.5-20 
5-21 


Sheet  rhaDgcd  be- 
tween 15-50  and 
15-54 


Distance,  3200  km. 


Distance,  9600  km. 


No  distinct  max- 
imum. 


Distance,  4000  km. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


No. 


Date. 


Char. 


Phase. 


Time. 


Period 


Amplitude. 


AN 


Remarks. 


15 


1910. 
May  31 

June  1 


16 


June  14 


17 


June  16 


II 


e? 
e? 
eL 
Nil 

L 

L 

L 

L 

F 

P 

s 
eL? 
L 
F 

eP(?) 
i 
s 
L 
M 
L 
L 
L 
L 
L 
F 


h.  m.  s. 
6-20 

6-16-07 
6-21-37 
6-33-5 
6-35  to  6-55 
6-55-5 

6-  59  to  7-05 

7-  08  t  o  7-16 
7-52  to  7-55 

5-  15 

19-46-00 
19-51-16 
19-54 

19-  55-40 

20-  26 

6-  50-00 

6-  51-00 

7-  00-50 
7-07-40 
7-08-5 
7-28  • 

7-  34  to  7-37 
7^8  to  7-52 

8-  42  to  8-44 

8-  51  to  8-53 

9-  25 


•26 
20 
16-5 
20 


20 


20 
20 
42 
20 
16 
20 
16 


17 


15 


No  record  on  N-S 
component. 

No  maximum. 


Distance,  4000  km. 


Strong  microseisms 
prevail. 


Distance,  8600  km. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


No. 


Date. 


Char. 


Phase. 


']  i  1 1 j. ■  _ 


Period 


Amplitude. 


-4,v 


Remarks. 


IS 


19 


1910. 
June  25 


June  29 


20 


21 


22 


July  2 


July  3 


July  4 


e 

Ln 
F 

eP? 

S? 
L 

it 

L 

F 

Lr 

Mr 

Lr 

Lr 

Lr 

Fr 

e 

L 

MN 
F 
e 
i 

Me 

Ms 

F 

e 

i 

L? 


h.  m.  s. 
19-42 

19-  57-0 

20-  55 
8-29-34 
8-36-52 
8-17-13 
8-53-40 

8-  55 

10-  20 

11-  13 
11-47 

11-  51 

12-  05 

13-  02 
13-12 
17-25 
17-29 
17-30-10 
17-50 

9-  25-36 
9-27-28 
9-28-23 
9-28-30 

10-00 

4-  51 

5-  08 
5-09 


23 


20 


'  14-5 


18 
17 
16 
16 


5 
12 


6-5 


Small  microseisms 
obscure  first  pre- 
liminary tremors. 


Distance,  5S00  km. 


The  amplitudes  by 
E-W  component 
are  about  ZA  of 
others. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Amplitude. 

No. 

Date. 

Char. 

Phase. 

Time. 

Period 

SIR 

Remarks. 

1910. 

h.  m.  s. 

s. 

It 

July  4 
July  7 

I 

F 

6-03 

23 

II 

P 

4-51-30 

S? 

4-56-15 

6 

Distance,  3000  km. 

L 

4-58-31 

16 

M 

4-59-20 

112 

100 

F 

6-02 

24 

July  7 

I 

e 

8-35-16 

6 

No  maximum 

i 

8-39-22 

6 

eL 

9-34 

30 

L 

9^3 

20 

F 

10-20 

25 

July  17 

I 

e 

8-14 

F 

8-22 

26 

July  17 

I 

P 

10-07-12 

4 

Distance,  4000  km. 

S 

10-13-00 

7 

M 

10-20-16 

9 

8 

13 

F 

10-57 

27 

July  20 

I 

iP? 

3-17-19 

i 
i 

3-56-08 
3-56-52 

7 

6 

3 
6 

5 

LN 

4-01 

20 

F 

4-25 

28 

July  22 

I 

L 

3-01 

L  very  weak  and 
not  continuous. 

F 

3-54 

29 

July  29 

I 

e 

10-48 

Light  of  N  com- 
ponent too  weak 
for  distinct  re- 

L 

10-59-14 

19 

- 

L 

11-33  to  11-41 

22 

cord. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


No. 


Date. 


Char. 

V 


Phase. 


Time. 


Period 


Amplitude. 


Remarks. 


30 


31 


32 


33 


34 


1S10. 
July  29 
Aug.  5 


Aug.  11 


Aug.  21 


Sep.  1 


Sep.  6 


/ 
II 


/  I 


F 
iP 
iS 
LN 
Lb 
MN 
Me 
F 

Lks- 

P(?) 

iS 

L 

M 

F 

P.v 

Pe 

iSy 

iSB 

Si?, 

SR, 

L 

F 
eL 

L 

F 
iP 
iS 


h.  m.  s. 
12-35 
1-38-30 
1-14-11 
1-18 
1-19-4 
1-51-7 
1-54 

3-  25 

4-  OS 
16-36-20 
16-11-31 
16-42-10 

16-  17 

17-  18 

5- 56-22 

5-  56-36 

6-  01-56 
6-01-51 
6-03-00 
6-03-53 

6-  05 

7-  18 
1-37 

1-  50 

2-  12 

20-14-37 
20-24-08 


il 
12 
14 


22 


12 
12 


6 
6 
5 
5 
12 


20 


25 


12 


100 


10 


Dist  ance,  3900  km. 


Distance  about 
3400  km. 


M  not  well  defined 

in  L. 
Distance,  3600  km. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Date. 


Char. 


Phase. 


Time. 


Period 


Amplitude. 


Remarks. 


1910. 
Sep.  6 


Sep.  7 


Sep.  7 


Sep.  9 


Sep.  9 


Sep.  16 


Sep.  22 


L 

M 

L 

F 
iP 
iS 
PS 
eL 

L 

M 

F 
eL 

M 

F 
iP 
iS 

L 

M 

F 

e 

LE 

F 

e 

M 
F 
P? 

S? 


h.  m.  s. 

20-41 

20-46 

20-  46  to  50 

21-  35 
7-31-49 
7-38-44 
7-41-40 

7-  15-5 

8-  14  to  32 

8- 20 

9-  32 

10-  47 

11-  00 

12-  08 
1-23-12 
1-32-00 
1-12 
1-50 
3-37 
9-33 

10-07 

10-35 

19-25-36 

19-29 

19-44 

12-50-51 

12-53-51 


s. 

12 
20-23 
20-23 


20 
20 


5 
8 
40 
23 


20 


5-7 


12 


Distance,  8250  km. 


Distance,  5300  km. 


Possibly  belongs  to 
preceding  quake. 


Distance,  6750  km. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Date. 


Char.  Phase 


Time. 


Amplitude. 


Period 


Remarks. 


-4.v 


1910 
Sep.  22 


Sep.  24 


Sep.  24 


Sep.  24 


Oct.  4 


Oct.  16 


Oct.  IS 


II 


eLs 

F 

iP 
iS 
L 

Ms 
F 

iP 

eE 
Ms 
Ms 

eP? 

S? 
eL 

M 

F 

iP» 

iS 

eL 

F 

e 

F 

e 

L 

F 


h.  m.  s. 

12-  58 

13-  02 
13-27 

3-39-20 
3-44-52 
3-50-5 

3-  58 
5-05 

4-  20-47 
4-23 
4-23-7 
4-24-7 

18-  47-17 
1S-53-00 

19-  02 
19-02-5 
19-16 
23-10-52 
23-19-34 

23-  31-4 

24-  18 
2-31 

2- 15 

3-  30 

3-  42 

4-  05 


8. 
10 
10 


3 
5 
32 
24 


3-4 
10 

6 

5 

5 

5 
16 
16 


5-« 
24 


17 


15 


13 


12 


15 


Distance,  3750  km. 


Shock  during  pre- 
ceding disturb- 
ance. 


Distance,  7200  km. 

No  distinct  max- 
imum. 


Microseisms  ob- 
literate phases. 


Microseisms  ob- 
literate phases. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Amplitude. 

No. 

Date. 

Char. 

Phase. 

Time. 

Period 

AE 

AN 

Remarks. 

1910 

h.  m.  s. 

s. 

/» 

M 

47 

Nov.  6 

II 

Pi 

20-43-52 

N-S  component  not 
working. 

L 

20-50 

M 

.  20-50-7 

50 

F 

22-00 

4S 

Nov.  9 

II 

Pe 

6-28-22 

- 

No  distinct  max- 

Se 

6-34-00 

imum. 

Ls 

6-36-20 

10 

Record  conspicuous 
for  the  continuous 
and  well-marked 

L 

6-56 

24 

L 

7-02  to  8-38 

20-17 

long  waves. 

F 

9-05 

Distance,  3850  km. 

49 

Nov.  10 

I 

e 

12-57 

Ls 

13-21 

24 

Strong  micro- 
seisms. 

No  phases  recog- 
nizable. 

LE 

13-31 

16 

LN 

13-34 

15 

F 

14-15 

SO 

Nov.  12 

I 

e 

1S-27 

F 

18-50 

51 

Nov.  14 

I 

e 

8-27 

LB 

8-33 

22 

L„ 

8-35 

24 

LE 

8-11 

15 

Mt, 

8-47 

14 

6 

F 

9-21 

52 

Nov.  15 

I 

e.v 

0-30-3 

F 

0-51 

53 

Nov.  15 

I 

eN 

14-32 

LN 

14-11 

13 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Period 

Amplitude. 

Ar 

Am 

**N 

s. 

M 

M 

6 

20 

20 
20 
20 
20 

24-16 

8 

8 

20 

20-16 

20-16 

16-5 

28 
24 
20 

No. 


Date. 


Char. 


Phase. 


Time. 


Remarks. 


54 


1910 
Nov.  15 


Nov.  26 


II 


55 


56 


Nov.  29 


Dec.  4 


57 


5S 


Dec.  10 


Dec.  13 


MN 

L„ 

F 

P? 

S? 

eL 

L 

MN 
MB 
L 
F 

eLN 
LN 
F 

es? 

e 

e 

L 

F 

e 

L.\E 

F 
Pe 

Sb 
LK 
Z* 


h.    m.  s. 

14-  50 

15-  20 
15-47 

5-07-16 

5-11-20 

5-18 

5-26 

5-42-5 

5-48 
5-42to6-18 

7-55 

3-18 
3-29  to  3-43 

3-56 
11-13-5 

11-  51 

12-  12 
12-16  to  12-30 

13-  07 
9+ 

10-35  to  1CM4 
13 

11-  56-10 

12-  05-46 
12-21-5 
12-29 

12-31  to  12-33 


Microseisms  mask 
P  and  5. 


Period   of  L  de- 
creases. 


E  component  very 
feeble. 


L  decrease 
period 


Unfortunately  a 
poor  photo- 
graphic sheet 
makes  the  dia- 
gram only  read- 
able in  patches. 


Distance,  8300  km. 

Strong  micro- 
seisms  prevailed. 


REPORT  OF  THE  CHIEF  ASTRONOMER 


43 


SESSIONAL  PAPER  No.  25a 


Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


No. 


Date. 


Char. 


Phase. 


Time. 


Period 


Amplitude. 


As 


Remarks. 


1910. 
Dec.  13 


59 


Dec.  14 


60 


Dec.  16 


61 


Dec.  21 


62 


Dec.  23 


Ms 
M 
Ls 
F 

Pe 

<E 
SE? 

is 

is 

U 

is 

is' 

Ls 

F 

P 

M? 

L 

L 

F 

Ps 

PR, 

Ss 

Ls 

L 

F 

P? 


h.  m.  s. 
12-31-5 
12-39 
12-40  to  12-45 

14-  4S 
21-04-18 
21-09-32 
21-10-35 
21-11-20 
21-11-25 
21-17-3 
21-19-19 
21-23-23 

21-  25 

22-  00 

15-  05-20 

16-  60 
16-09  to  16-13 
16-26  to  16-28 

18-00 
10-31-00 
10-32-24 
10-37-00 

10-  46-9 
10-48  to  10-53 

11-  25 
0-50-32 


s. 
20 

18-16 
16 


12 


24 
18 
16 


20 

15-11 


15 


M 

21 

17 


12 
10 


Microseisms  pre- 
vailed. 

Phases  difficult  to 
read. 

Long  waves  almost 
wholly  wanting. 

No  maximum. 


No  record  15-21  to 
15-38.  Changing 
sheet,  etc. 


Distance,  4300  km. 
Microseisms  pre- 
vailed. 


Microseisms 
vailed. 


pre- 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Amplitude. 

No. 

Date. 

Char. 

.Phase. 

lime. 

Period 

A* 

As 

Remarks. 

1910. 

h.  in.  s. 

'  8. 



Dec.  23 

/ 

P? 

0-58-38 

P  difficult  to  read. 

L 

1-05 

25 

5  not  recognized. 

L 

1-11  to  1-14 

16-15 

Ms 

1-11-5 

15 

6 

Me 

1-12-2 

16 

6 

F 

2-20 

63 

Dec.  28 

I 

P? 

17-46-14 

2 

Sf 

17-49-06 

F? 

18-30 

64 

Dec.  29 

I 

eLN 

14-18-3 

16 

Ln 

14-23 

20 

F 

14-55 

65 

Dec.  30 

I 

Pi 

1-07-19 

E-W  Component 
weaker. 

Si 

1-15-34 

eL? 

1-18-2 

L 

1-26 

10 

F 

2-00 

66 

Dec.  30 

I 

P 

3-26-42 

2 

S 

3-31-28 

E-W  Component 
weaker. 

L 

3-43 

18 

F 

4-13 

67 

1911 

Jan.  1 

I 

*N 

10-41-36 

Ls 

11-09-7 

20 

Preceded    by  ex- 
tremely strong 
microseisms. 

LN 

11-25 

13 

F 

11-55 

68 

Jan.  2 

r 

es 

11-07 

ex 

11-09-7 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


No.  '  Date. 


Char. 


Phase. 


Time.        I  Period 


Amplitude. 


Remarks. 


69 


70 


71 


72 


1911 
Jan.  2 


Jan.  ! 


Jan.  3 


Jan.  34 


Jan.  7 


L 

F 

e 

L 

L 

L 

F 

etr 

L„ 

F 

Pn 

Pe 

PRi 

S„ 

Se 

Lx 

LB 

L 

M 

M 

L 

F 

e 

s? 

L 
L 


h.  m.  s. 
11-36  to  11-39 

11-  41 

12-  00 
23-19 

23^S  to  23-53 

23-  55 

24-  00 
24-55 

8-12-5 

8-18-5 

8^3 
23-38-36 
23-38-43 
23-i2-20 
23-49-16 
23-49HH) 
23-55-40 
23-56 
23-57 

0-16 

0-18 
0-36  to  1-06 

2-50 

2-33-12 

2-  44-18 

3-  03 
3-20 


29 
20 


20 
18 
16 


20 


36-40 
20 
20 
15 


16 
20 


E  comp.  shows  only 
traces. 


Distance,  9800  km. 
Turkestan  quake. 


50 
170 


135 


335 


Partly  masked  by 
wind  effect. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Continued. 


Period 

Amplitude. 

Am 

An 

s. 
19 

M 

4 

6 
19 
19 
20 

67 

60 

8-12 
12 
6 

6 

8 

5-5 

8 

4 

Date. 


Char.  Phase 


Time. 


Remarks. 


1911 
Jan.  7 

Jan.  9 


Jan.  10 


Jan.  10 


Feb.  5 


Feb.  7 


Feb.  16 


Feb. 17 


L 
F 


e 
F 
e 
F 
P 

PR, 

S 

L 

M 

Ls 

F 

P 

S 

L 

Ms 

ME 

e 

F 

e 

M 
F 


h.  m.  s. 

3- 28 

4-  10 
4-46 


11-00-32 

11-  10 

12-  31 
12-57 

4-3(M2 

4-32^40 

4-36-02 

4-38-34 

4-40-20 

4-44 

6-07 

2-27-18 

2-32-36 

2-35-08 

2-36-9 

2-38-7 

20-24-57 

20-31 
2-50-50 

2-  51-20 

3-  06 


Waves  appear  to 
continue  for  some 
hours,  but  diffi- 
cult to  different- 
iate from  wind 
effect  as  shown 
by  anemogram. 


Distance,  3560  km. 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc.- — Continued. 


No.      Date.    I  Char.    Phase.         Time.  Period 


Amplitude. 


Remarks. 


1911 
80     Feb.  17 


81      Feb.  IS 


82      Feb.  18 


Feb.  19 


Feb.  26 


Mar.  11 


e 

M 
F 
e 
i 

L 
F 

en 

es 

iPx 

iPE 

Le 

L„ 

Ms 

Me 

Lb 

Ls 

F 

e 

F 

e 

L 

F 

eh 

L 

L 


h.  m  s. 

14-40-25 

14-  40-16 

15-  07 
2-05 
2-12 
2-13 
2-57 

19-04-30 

19-04-34 

19-04-45 

19-04-13 

19-23 

19-24-5 

19-35 

19-  36 
1941  to  19-43 
19-15  to  19-50 

20-  54 
2-31-6 
2-12 

13-00-20 

13-07-5 

13-25 

4-14 

4-17 

4-22 


5-5 


10 


16 
20 
20 
14 
14 
14 


20 


10 
30 


20 
19 


30 


60 


No  distinct  S. 


Press  report  quake 
in  Monastir. 


Distant  7350  km. 


N-S  component 
has  now  magnetic 
damping. 

E-W  component  re- 
tains air  damp- 
ing. 


■is 
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Record  of  the  Earthquake  Station,  Dominion  Astronomical  Observatory,  Ottawa, 

Canada,  etc. — Concluded. 


Date. 


Char.  Phase. 


Time. 


Period 


Amplitude. 


PiE.MAKiS. 


1911 
Mar.  11 

Mar.  13 

Mar.  15 
Mar.  19 


Mar.  21 


L 

F 

P 

eL 

F 

e 

F 

P 

S 

L 

L 

F 

eL 


h.  m.  s. 

4-  34 

5-  00 
7-40-31 
7-41-16 
7-56 
2-26-4 

2- 44 
4-31-07 
4-36-56 
4-44-00 

4-  47 

5-  01 

3-  20 


16 


10 


20 
14 


14 


E-W  considerably 
masked  by  mic- 
roseisms. 


Epicentre  4040  km., 
magnetic  damp- 
ing shows  no  mi- 
croseisms,  being 
very  small.  Air 
damping  shows 
them  and  there- 
by almost  masks 
quake. 


Terrestrial  Magnetism. 


The  magnetic  survey  of  Canada  has  been  continued  during  the  past  year. 
Two  observers  were  in  the  field.  Mr.  C.  A.  French  occupied  48  stations  along  the 
line  of  the  Canadian  Pacific  railway  between  Chapleau  and  Moosejaw,  a  distance 
of  1,200  miles,  giving  an  average  distance  between  the  stations  of  about  25  miles. 

Mr.  J.  W.  Menzies  occupied  44  stations  distributed  over  western  Ontario 
between  Napanee  and  Windsor,  with  intervals  approximately  of  25  miles  also. 

At  all  the  stations  observations  were  taken  for  declination,  dip  and  intensity, 
besides  the  necessary  ones  for  azimuth  and  latitude.  Mr.  French  used  the  magnetic 
outfit  of  preceding  years,  and  described  in  previous  reports,  being  a  Tesdorpf 
magnetometer,  Kew  dip  circle,  and  Watt  transit.  Mr.  Menzies  had  a  Cooke 
magnetometer,  Kew  dip  circle,  and  Watt  transit.  As  usual,  both  observers  made 
comparison  observations  at  the  Agincourt  Magnetic  Observatory,  before  and  after 
the  season's  work,  to  standardize  the  field  instruments. 

At  all  the  stations  along  the  Canadian  Pacific  railway  the  eastern  and  western 
magnetic  elongations  were  observed,  and  the  mean  taken  for  the  magnetic  meridian 
or  declination.  Observations  were  taken  at  other  times,  also,  for  the  purpose  of 
eventually  preparing  a  diurnal  variation  table  for  those  northern  parts  or  regions. 
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The  observations  in  Ontario  for  declination  did  not  include  those  of  elongation, 
but  invariably  were  duplicated;  the  general  order  of  observations  being:  Azimuth, 
declination,  dip,  oscillations,  deflections,  deflections,  oscillations,  dip  and 
declination.  To  the  declination  observations  was  then  applied  the  correction 
or  diurnal  variation  obtained  from  data  tabulated  from  the  continuous  records  of 
the  Agincourt  Magnetic  Observatory. 

A  number  of  the  stations  occupied  during  the  past  season  had  been  occupied 
by  the  Carnegie  Institution  in  1906,  so  that  by  the  comparison  of  the  observations 
in  1906  and  1910  we  obtain  a  value  for  the  secular  variation  for  the  interval,  and 
also  the  value  for  the  average  annual  change  in  declination.  The  true  nature  of 
the  secular  variation  is  still  unknown,  as  well  as  of  the  law  of  its  slow  change.  We 
can  interpolate  with  a  fair  degree  of  accuracy,  but  extrapolation  is  very  uncertain, 
especially  if  the  time  is  anything  but  a  very  few  years  in  advance.  For  example, 
the  Toronto  Magnetic  Observatory  (now  at  Agincourt,  some  13  miles  away,  to 
avoid  influence  of  trolly  lines)  has  the  longest  reliable  magnetic  record  in  America, 
so  that  the  empirical  formula  deduced  from  the  long  period  would  be  expected  to 
give  a  pretty  accurate  value  for  extrapolation.  The  formula  for  Toronto,  given 
in  Appendix  No.  9,  Report  for  1879  of  the  United  States  Coast  and  Geodetic 
Survey,  deduced  from  40  years'  observations  (1840  —  1880),  is: 

Z)=+3°.60  +2-.82  sin  (1.4m-44°.7)  +  0°.09  sin  (9.3m  +  136°)  +  0°.08  sin 
(19m +247  °),  where  m  =  t— 1850,  t  being  the  year  for  which  the  declination  is  sought. 

Taking  t=  1910,  hence  ??i  =  60,  we  obtain 

D  =  5°  17',  whereas  the  actually  observed  declination  was  6°  02'  (January, 
1910).  Although  the  stations  are  not  quite  identical,  yet  thejdifference  of  three- 
quarters  of  a  degree  shows  the  unreliability  of  extrapolating  for  years  in  advance. 

We  may  cite  an  interesting  case  of  secular  variation  in  connection  with  Hauss- 
mann's  magnetic  survey  of  Wiirttemberg,  in  1900.  Kornthal,  near  Stuttgart, 
was  his  base  station,  and  comparison  observations  were  made  with  the  magnetic 
observatory  at  Potsdam.  From  the  subsequent  observations  in  1902,  the  annual 
change  for  Kornthal  was  found  to  be  4'. 5.  Based  on  this,  values  for  declination— 
or  direction  of  the  compass  needle — were  published  some  years  in  advance.  In 
1905,  Bavaria  undertook  a  magnetic  survey  of  its  state,  and  amongst  the  stations 
was  Ulm,  a  border  city  between  the  above  two  states.  The  declination  observed 
here  was  found  to  show  a  greater  annual  change  than  had  been  found  only  a  few 
years  before.  The  continuous  records  of  Potsdam  confirmed  this.  Thus  Potsdam 
showed  an  annual  decrease  in  declination,  up  to  1903,  of  from  4'. 2  to  4'.0,  and  from 
1904  to  1910  it  increased  to  7'.4,  which,  for  Kornthal,  would  be  7'.5,  i.e.,  S'.O 
more  than  was  determined  in  1900-1902,  and  which  was  supposed  to  hold  for 
some  years,  but  which  was  subsequently  found  to  be  materially  unreliable  to  be 
thus  applied. 

Although  the  same  annual  change  holds  for  a  fairly  large  area,  say  a  hundred 
miles  square,  yet  individual  places  in  such  an  area  show  deviations  from  the  normal. 

As  in  the  past  few  years,  a  magnetic  map  accompanies  this  report,  showing  the 
direction  of  the  magnetic  meridian  at  the  stations  occupied  during  the  year.  It  is 
found  that  these  magnetic  maps  find  favour  with  the  public,  more  so  than  do  those 
showing  irregular  curved  lines  of  equal  declination,  i.e.,  isogonic  lines.  Although 
these  lines  are  based  on  magnetic  observations  at  particular  places,  yet  the  contin- 
uous line  is  more  or  less  hypothetical,  and  its  meaning  is  not  so  readily  understood 
by  the  public  as  a  definite  direction  at  a  station  of  the  magnetic  meridian,  together 
with  its  declination  or  variation  of  the  compass  as  it  is  called  by  the  ordinary  man. 
25a— 4 
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Mr.  (.'.  A.  French  reports  on  his  work  (luring  the  season  as  follows: — 

The  instruments  used  on  the  Magnetic  Survey  during  the  season  of  1910 
included  a  Tesdorpf  fibre  declinometer  and  magnetometer,  No.  1977,  for  measuring 
declination  and  horizontal  intensity;  Dover  dip  circle,  No.  145,  for  inclination; 
Troughton  and  Simnis  6-inch  theodolite  for  time,  latitude  and  azimuth,  and  a  half- 
seconds  mean-time  chronometer,  Bond  511,  for  determining  the  time  of  oscillations. 

With  few  exceptions,  latitude  was  obtained  from  meridian  altitudes  of  the 
sun,  circle  right  and  left.  The  azimuth  of  the  reference  point,  and  time  were  ob- 
tained from  the  altitude  of  the  sun,  and,  whenever  possible,  two  observations  were 
taken,  one  about  9  a.m.,  and  one  about  3  p.m.,  at  each  station.  In  every  case, 
the  magnetic  declination  was  obtained  by  taking  the  mean  of  the  eastern  elonga- 
tion, which  usually  occurs  between  7  and  8  a.m.,  and  the  western  elongation  between 
1  and  2  p.m. 

It  frequently  happened  that  the  number  of  days  of  morning  elongations  differed 
from  the  number  of  days  of  afternoon  elongations,  in  which  case  the  mean  of  the 
mornings  was  taken  as  one  observation  and  the  mean  of  the  afternoons  as  one. 
In  addition  to  the  elongations,  there  were  taken  a  number  of  observations  for  de- 
clination which  were  not  used  to  obtain  a  mean  value,  owing  to  the  fact  that  no 
corrections  for  diurnal  variation  were  available  for  this  region.  It  is  hoped,  however, 
that  from  these  results,  combined  with  those  of  the  preceding  and  next  year,  a  table 
of  diurnal  variations  will  be  compiled,  which  will  be  of  service  in  reducing  observ- 
ations in  succeeding  years.  A  summary  of  the  corrections  obtained  from  observ- 
ations during  the  season  are  given  below.  In  table  A  are  given  the  actual  ob- 
servations for  declination,  and  the  time  of  each;  the  mean  declination  obtained  from 
the  mean  of  the  elongations;  and  the  difference  between  the  mean  declination  and 
the  individual  observations.  These  differences  reduced  to  the  even  hour  and  half- 
hour,  are  given  in  table  B. 


TABLE  A. 


Station. 

Date. 

L.  M.  Time. 

Observed 
Declination. 

Mean  of  E  &  W 
Elongations. 

Correction  for 
Diurnal  Variation 

1910 

h. 

m. 

c 

o  t 

May  7... 

7- 

-14 

4-07-7H" 

4-  .16-411' 

-  8-7 

8- 

-55 

13- 1 

-  3-3 

10- 

-05 

17-5 

4-  1-1 

10- 

-40 

20-3 

+  3-9 

11- 

-37 

23  0 

+  6-6 

1- 

-11 

240 

+  7-6 

3- 

-04 

22-2 

+  5-8 

3- 

-51 

20-9 

+  4-5 

5- 

-01 

1S-9 

+  2-5 

May  9... 

7  - 

-34 

10-2 

-  6-2 

8- 

-55 

10-3 

-  61 

9- 

-34 

12  1 

-  4-3 

9- 

-51 

13-9 

-  2-5 

10- 

-24 

14-6 

-  1-8 

10- 

-58 

17-7 

+  1-3 

11- 

-46 

21  0 

+  4-6 

1- 

-06 

21-5 

+  51 

o. 

-36 

23-7 

+  7-3 
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TABLE  A—  Continued. 


Station. 

Date. 

L.  M.  Time. 

Observed 
Declination. 

Mean  of  E  &  W 
Elongations. 

Correction  for 
Diurnal  Variation 

1910 

h.  m. 

o  / 

O  1 

Wayland  

May  10 . . 

10-07 

5  -  09  0H' 

5-0SSWr 

+  0-2 

12-55 

14-8 

+  60 

3-27 

13-6 

+  4-8 

5-05 

10-6 

+  1-8 

May  11. . 

8-07 

2-7 

-  6-1 

9-34 

4-3 

-  4-5 

10—26 

8-6 

-  0-2 

12-50 

150 

+  6-2 

May  14.. 

12-52 

5-58-8PT 

5-48-8W 

+  100 

4-17 

51-5 

+  2-7 

6-19 

48-6 

-  0-2 

1 

May  16.. 

7-29 

420 

-  6-8 

8-49 

480 

-  0-8 

10-03 

54-7 

-+-  5-9 

10-28 

54-7 

+  5-9 

11-25 

53-7 

+  4-9 

12-49 

52-5 

+  3-7 

2-08 

530 

+  4-2 

3-42 

530 

+  4-2 

May  19 . . 

7-22 

3-39SW 

3-461W 

-  6-3 

9-05 

42-8 

-  3-3 

12-52 

53-6 

+  7-5 

4-20 

47  0 

+  0-9 

5-43 

42-2 

-  3-9 

May  20. . 

7-27 

39-8 

-  6-3 

9-02 

39-2 

-  6-9 

9-56 

44-3 

-  1-8 

10-28 

48-4 

+  2-3 

1-02 

51  0 

+  4-9 

2-51 

541 

+  8-0 

3-36 

50-5 

+  4-4 

5-27 

460 

-  01 

White  River. . . 

May  23. . 

7-34 

3-05-2W 

3-ll-9fT 

-  6-7 

8-40 

9-2 

-  2-7 

9-40 

14-3 

+  2-4 

10-29 

16-6 

+  4-7 

11-28 

18-8 

+  6-9 

1-09 

21-5 

+  9-6 

3-26 

17-6 

+  5-7 

May  25. . 

7-54 

30 

-  8-9 

9-46 

9-3 

-  2-6 

10-26 

13-4 

+  1-5 

12-45 

17-6 

+  5-7 

Montizambert. 

May  27.. 

7-35 

2-15-7W 

2-72ZW 

—  6-6 

9-08 

191 

-  3-2 

10-30 

24-4 

+  2-1 

1-02 

28-6 

+  6-3 

3-27 

28-6 

+  6-3 

4-11 

23-6 

+  1-3 

May  28.. 

7-42 

16-4 

-  5-9 

HeronJ3ay . .. . 

May  30.. 

7-34 

2-25-4W 

2-33-4W 

-  8-0 

9-05 

28-5 

-  4-9 

10-04 

28-1 

-  5-3 

11-30 

37-2 

+  3-8 

1-00 

40-2 

+  6-8 

3-34 

36-5 

+  3-1 
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Station. 

Uate. 

 • 

lj.    W     1  III-'  . 

i 

Observed 
Declination. 

Mean  of  E  &  W 
Elongations. 

Correction  for 
Diurnal  Variation 

1910 

h.  m. 

o  / 

0  / 

Heron  Bay.. . . 

May  31 . 

7-37 

2-27-8 

2-33.  iW 

-  5-6 

8-45 

24-6 

-  8-8 

9-44 

31-6 

-  1-8 

10-24 

30- 1 

-  3-3 

1-07 

40-2 

+  6-8 

June  4. . . 

7-20 

17-5S-7£ 

17-48  -9£ 

-  9-8 

9-18 

51-4 

-  2-5 

10-28 

47  0 

+  1-9 

12-59 

39- 1 

+  9-8 

3-00 

41-4 

+  7-5 

5—55 

47-7 

.     +  1-2 

Schreiber  

June  7. . . 

7-21 

0-25-2W 

0-31-7W 

-  6-5 

9-09 

241 

-  7-6 

10-02 

281 

-  3-6 

10-32 

31-6 

-  01 

11-19 

35-6 

+  3-9 

1-29 

37-7 

+  60 

3-18 

381 

+  6-4 

4-48 

351 

+  3-4 

Gravel  

June  10. . 

7-47 

0-30-8£ 

0-25-1E 

-  5-7 

9-15 

30-3 

-  5-2 

10-21 

26-2 

-  11 

1-37 

19-3 

+  5-8 

3-31 

20-5 

+  4-6 

June  11 .  . 

8-02 

1-14-6E 

1-07-0E 

-  7-6 

1-12 

00-9 

+  61 

June  13 . . 

7-32 

130 

-  6-6 

9-28 

8-3 

-  1-3 

10-18 

4-1 

+  2-9 

1-09 

0-58-8 

+  8-2 

11-20 

1-00-3 

+  6-7 

3-03 

1-8 

+  5-2 

June  14 . . 

7-24 

1-44-9E 

1-39-5E 

-  5-4 

9-20 

410 

-  1-5 

10-31 

37-8 

+  1-7 

1-14 

33-6 

+  5-9 

4-01 

34-1 

+  5-4 

Mackenzie  

June  15. . 

7-40 

2-54-9E 

2-49-3£ 

-  5-6 

9-02 

54-9 

-  5-6 

10-34 

49-5 

-  0-2 

1-40 

43-6 

+  5-7 

4-09 

47-4 

+  1-9 

Fort  William.. 

June  17 . 

7-48 

3-21 -3£ 

3-16-5£ 

-  4-8 

10-33 

12-3 

+  4-2 

1-15 

11-5 

+  50 

3-53 

15-1 

+  1-4 

June  18. . 

S-08 

240 

-  7-5 

1-08 

9-4 

+  7-1 

Kaministikwia 

June  22.. 

8-04 

0-33 -2£ 

0-25-3£ 

-  7-9 

10-32 

26-6 

-  1-3 

1-42 

17-4 

+  7-9 

4-01 

25-3 

00 

June  27 . . 

7-41 

4-35-7£ 

4-281£ 

-  7-6 

9-26 

33-2 

-  5-1 

10-32 

290 

-  0-9 

1-34 

21-6 

+  6-5 
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btation. 

uaie. 

ivi.  i  lnie. 

Observed 
Declination. 

Mean  of  E  &  W 
Elongations. 

Correction  for 
Diurnal  Variation 

1910 

h.  m. 

o  / 

o  / 

4-04 

4-23-5 

4-28.  IE 

+  4-6 

4-43 

24-1 

+  4-0 

June  28 . . 

7-48 

35-7 

-  7-6 

10-31 

28-5 

-  0-4 

11-40 

23-3 

+  4-8 

1-11 

19-3 

+  8-8 

Niblock  

June  30. . 

7-43 

4-62-OS 

4-54-5E 

-  7-5 

9-33 

59-6 

-  51 

10-34 

55-9 

-  1-4 

1-36 

47-2 

+  7-3 

4-33 

51:9 

+  2-6 

July  1.... 

7-23 

620 

-  7-5 

10-34 

53-0 

+  1-5 

12-58 

46-8 

+  7-7 

Martin  

July  2.... 

7-33 

5-05 -3£ 

4-58-1E 

-  7-2 

9-33 

2-8 

-  4-7 

10-32 

4-57-9 

+  0-2 

11-46 

55-1 

+  30 

1-36 

531 

+  5-0 

4-34 

54-9 

+  3-2 

July  4  .. 

7-52 

5-05-1 

-  70 

9-26 

2-2 

-  4-1 

9-56 

0-6 

-  2-5 

10-36 

4-58-9 

-  0-8 

10-56 

55  - 1 

+  30 

July  6.... 

1-21 

49-4 

+  8-7 

Ignace  

7-29 

6-15-2£ 

6-10-5E 

-  4-7 

9-25 

9-2 

+  1-3 

10-24 

5-9 

+  4-6 

1  - 19 

10 

+  9-5 

3-49 

5-6 

+  4-9 

July  7... 

4-49 

8-8 

+  1-7 

7-34 

19-5 

-  9-0 

10-32 

8-2 

+  2-3 

July  8... . 

1-22 

4-2 

+  6-3 

7-17 

19-2 

-  8-7 

9-29 

131 

-  2-6 

10-30 

110 

-  0-5 

1-24 

4-0 

+  6-5 

July  11... 

3-34 

6-7 

+  3-8 

Tache  

7-41 

6-63-7E 

6-57 -4£ 

—  6-3 

9-38 

65-6 

-  8-2 

10-37 

57-5 

-  01 

1-41 

50-7 

+  6-7 

July  12... 

4-38 

54-2 

+  3-2 

7-31 

650 

-  7-6 

7-51 

64-4 

-  70 

8-01 

63-8 

-  6-4 

8-21 

64-2 

-  6-8 

9-36 

62-4 

-  5-0 

10-34 

58-8 

-  1-4 

July  13. . 

1-51 

49-9 

+  7-5 

Wabigoon  

1-50 

7-33-2£ 

7-39-0£ 

+  5-8 

4-46 

37-2 

+  1-8 

July  14... 

8-00 

46-7 

-  7-7 

10-00 

43-6 

-  4-6 
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Date.    .  L.  M.  Time. 


Observed 
Declination. 


Mean  of  E  &  W 
Elongations. 


Correction  for 
Diurnal  Variation 


1910 

July  16. 

July  17.. 
July  18. 
July  19. 


Jul  v  20. 
July  21. 


July  23... 

July  24... 

July  26... 
July  27... 
July  28... 


July  29... 
July  29... 

July  30... 


July  31.. 
Aug.  1 . . 

Aug.  2.- 


10-35 
1-30 
8-09 

10-32 
1-41 
4-42 


24 
24 
27 
29 
18 


9-31 
10-34 


11- 


■az 
■00 
-38 
•59 
■37 


4- 
7- 
9-00 
9-39 
10-33 
1-47 
4 
7 


-55 
-42 
10-31 


2_ 

4- 

7- 


04 
56 
42 
10-26 
12-05 
1-54 
10-37 


49 

■48 
39 


10—31 

1-  57 
10-35 

2-  05 


41 

27 
02 
03 
38 
53 


10-26 
1-46 


28 
56 


1-39 
4-58 
7-42 
10-04 
10-53 


45 
18 


7-  41 

29 

8-  24 
14 

2 

9 
23 
4 

6-  27 
31 
42 
38 
34 
27 
28 
44 
30 

7-  51 
49 
46 
42 
34 
39 

7-38 
30 
19 
23 
35 
30 
25 
19 

9-  60 
51 
54 
67 
62 
54 

9-31 
25 
25 
26 
37 

10-13 
16 
26 
20 
13 
16 
25 

10-49 
54 
66 
54 
52 
46 
51 


0 

2 

S£ 

7 

9 

6 

9 

8 

IE 

4 

2 

3 

0 

5 

0 

4 

4 

3£ 

3 

0 

2 
2 
3 

8£ 

2 

3 

5 

7 

8 

8 

7 

2£ 

8 

3 


4£ 

4 

8 

8 

9 

4£ 

2 

1 

5 

5 

3 

9 

4£ 

6 

1 

7 

5 

3 

o 


7-  39.0£ 

8-  141£ 


6-34-7£ 


7-42-8£ 


7-28-4£ 


10-00-4£ 


9-31-7£ 


10-19-7£ 


10  -  57  0£ 
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Mation. 


Whitemouth . 


Marquette . . . . 


Date. 

L.  M.  Time. 

Observed 
Declination. 

Mean  of  E  A  W 

T*  1  nn  cr-i  1 1  nrw 

f^orrppt  i  <~>n   f  c\r 

1          \JL  1  CT  I.  11  yjix  1U1 
Tlliirn-il  V  fin  itinn 

1910 

h.  m. 

o  / 

0  / 

t 

Aug.  4 . . . 

7—40 

10  —  5Q-Q/nmitl 

10  —  57  OF 

1—49 

11  — 13  0i" 

1 1  —  23 • 0£ 

+  100 

4—33 

19-6 

-1-  3-4 

Aug.  5 . . . 

7-54 

32- 1 

-  9-1 

10-40 

23-6 

-  0-6 

1—56 

14-8 

+  8-2 

4—29 

20-6 

-1-  9.4 

Aug.  8 . . . 

10—33 

13—  58  T£ 

13— 56-7£ 

—  1-4 

1-42 

47-9 

+  8-8 

Aug.  9 . . . 

7-34 

63-6 

—  6-9 

10-32 

59-9 

—  3-2 

1-34 

51-7 

4-  5-0 

Aug.  11.. 

1  —  30 

13— 09-6£ 

13  —  17-7£ 

4—40 

12-4 

+  5-3 

Aug.  12.. 

7—22 

25-3 

—  7-6 

10-36 

18-5 

—  0-8 

1—33 

10-6 

4-  7-1 

Aug.  15.. 

10-42 

9—24 -4£ 

9 — 26  -9£ 

4-  2-5 

1—32 

20-9 

+  60 

Aug.  16 . . 

7—50 

34-8 

—  7-9 

10—32 

25-2 

4-  1-7 

1-37 

16-9 

+100 

Aug.  17 . . 

10—35 

13 — 0S-7F 

19  OQ-SF 

J-  O         \JxJ  <JJ—J 

4-1-1 

1—55 

1-1 

4-  8-7 

4—37 

40 

+  5-8 

Aug.  18.. 

7—50 

18-5 

—  8-7 

Aug.  19.. 

7—43 

15— 51-6£ 

15— 44  0£ 

—  7-6 

1—38 

36-3 

4-  7-7 

4—28 

400 

4-  4-0 

Aug.  20.. 

8—06 

52  1 

—  8-1 

10—33 

40-S 

+  3-2 

1—35 

36- 1 

4-  7-Q 

Aug.  23 . . 

7—36 

15— 12-QE 

15— 03-9£ 

—  8-1 

10—33 

15—03-9 

0-0 

1—34 

14—53-5 

4-10-4 

4—49 

14— 5S0 

+  5-9 

Aug.  24.. 

7—59 

15  —  13-9 

—  10-0 

10—33 

15—02-9 

4-  1  -0 

1—39 

14—50.4 

4-  7-5 

Aug.  25.. 

7—34 

15—10-9 

—  70 

1-31 

14-56-5 

+  7-4 

Aug.  26 . . 

7-41 

16-ll-3£ 

16-04-6E 

-  6-7 

10-33 

4-7 

-  01 

1-44 

15-57-8 

+  6-8 

4-24 

61-4 

+  3-2 

Aug.  27.. 

7—57 

16-49-9£ 

16-43-1E 

-  6-8 

10-32 

45-0 

-  1-9 

1-37 

36-6 

+  6-5 

Aug.  28.. 

7-37 

49-4 

-  6-3 

Aug.  30.. 

1-25 

16-OSOE 

16-13-9£ 

+  5-9 

4-35 

15-4 

-  1-5 

Aug.  31.. 

8-00 

19-5 

-  5-6 

10-30 

91 

+  4-8 

1-23 

8-6 

+  5-3 
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oiauon. 

t  y,  *  0 
i^atc* 

L..  *M .    1  1  UK  • 

Observed 
Declination. 

Mean  of  E  &  W 
Elongations. 

Correction  for 
Diurnal  Variation 

1910 

h.  in. 

o  / 

o  / 

Sep.  1... 

7-38 

17-58-7£ 

17-50-6£ 

—  8-1 

10-28 

47-7 

+  2-9 

1-4S 

44-2 

+  6-4 

7-36 

57-7 

-  71 

10-28 

48-6 

+  20 

1-21 

42  0 

-I-  8-6 

Broadview. . . . 

Sep.  3... . 

7-33 

17-20-9£ 

17-13-3£ 

—  7-6 

10-29 

11-9 

+  1-4 

1-25 

6-4 

+  6-9 

4-20 

12-8 

+  0-5 

Sep.  5... . 

7-45 

19-5 

—  6-2 

10-30 

13-2 

+  01 

1-35 

6-5 

+  6-8 

3-40 

11-5 

+  1-8 

Sep.  9... . 

1-35 

1S-10-2E 

18-1S-1£ 

+  7-9 

4-22 

140 

+  41 

Sep.  10. . 

8-07 

27  0 

-  8-9 

9-37 

19-7 

—  1-6 

10-32 

140 

+  41 

1-32 

81 

+100 

Indian  Head... 

Sep.  12... 

1-56 

19-2S-4£ 

19-32-7£ 

+  4-3 

4-33 

32  0 

+  0-7 

Sep.  13... 

8-01 

38-5 

—  5-8 

9-26 

35-3 

-  2-6 

10-31 

31-8 

+  0-9 

1-31 

25  1 

+  7-6 

Sep.  14... 

1-43 

lS-50-9£ 

lS-57-6£ 

+  6-7 

4-18 

540 

+  3-6 

8-03 

63-9 

-  6-3 

10-29 

541 

+  3-5 

1-20 

51-5 

+  61 

Regina  

Sep.  16... 

10-31 

19-23  0£ 

19-26S£ 

+  3-8 

1-35 

20-3 

+  6-5 

4-40 

27-8 

-  10 

Sep.  17... 

7-52 

330 

-  6-2 

10-32 

24  0 

+  2-8 

1-32 

21  0 

+  5-8 

Sep.  19... 

7-45 

19-52-5£ 

19-45-5£ 

-  70 

10-31 

43-3 

+  2-2 

1-58 

38-5 

+  70 

4-42 

43-4 

+  2-1 

Sep.  20. . 

10-30 

19-4S-1£ 

19-52-9E 

+  4-8 

1-18 

50-5 

+  2-4 

4-12 

48-9 

+  40 

Sep.  21... 

7-41 

54-6 

-  1-7 

10-24 

50  0 

+  2-9 

1-23 

51-7 

+  1-2 

Sep.  22... 

7-30 

56-6 

-  3-7 

10-28 

52-2 

+  0-7 

1-37 

50-4 

+  2-5 

4-23 

50- 1 

+  2-8 

Sep.  23... 

7-22 

58-8 

-  5-9 

10-29 

50-5 

+  2-4 

1-32 

47-5 

+  5-4 
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The  mean  value  for  each  hour  and  half-hour  is  given  at  the  foot  of  the  corres- 
ponding column,  the  small  figures  underneath  indicating  the  number  of  observa- 
tions from  which  the  mean  value  was  determined.  Owing  to  the  range  of  declin- 
ation at  Middleton  and  Dryden  being  rather  large,  the  results  at  these  places 
were  left  out  of  consideration. 

At  least  two  observations  were  taken  for  dip,  one  in  the  morning  and  one  in 
the  afternoon.  In  case  the  number  of  morning  and  number  of  afternoon  obser- 
vations differed,  the  mean  of  the  morning  was  always  combined  with  the  mean  of 
the  afternoon  values.  The  horizontal  force  was  obtained  from  a  complete  set 
(oscillations  and  deflections)  both  in  the  morning  and  afternoon,  the  mean  of  the 
morning  being  always  taken  as  one  observation,  the  mean  of  the  afternoon  values 
as  one,  in  case  there  were  not  the  same  number  of  each. 

A  complete  day's  observations  consisted  of  the  following,  and  in  the  order 
named:  Declination  (elongation),  azimuth,  declination,  dip,  declination,  deflec- 
tions, oscillations,  latitude,  declination  (elongation),  oscillations,  deflections, 
azimuth,  dip  and  declination.  Frequently,  when  no  astronomical  observations 
were  necessary,  one  or  two  extra  observations  for  declination  were  taken.  At  a 
number  of  stations,  two  complete  days'  observations  were  taken. 

Before  commencing,  and  after  completing  the  field  work  for  the  season,  ob- 
servations were  made  at  the  Magnetic  Observatory  at  Agincourt,  Ont.,  for  com- 
paring the  field  instruments  with  the  standard  instruments.  The  following  table 
gives  the  corrections  that  were  applied  to  the  observed  values,  not  only  for  the  season 
1910,  but  also  for  the  two  preceding  seasons  1909  and  1908;  also  the  value  of  log 
P  where  P  is  a  constant  depending  on  the  distribution  of  the  magnetism  in  the 
intensity  magnet. 


Year. 

Tesdorpf  1977 

Dover  145. 

Tesdorpf  1977 
Log  P. 

Remarks. 

Corr. 
Decl. 

Corr. 
Hor.  Int. 

Needle. 

Corr. 
Dip. 

Short 
Dist. 

Long 
Dist. 

1908 
1909 
1910 

+3'-2 
+l'-8 
+3'-6 

-  00061H 

-  -00104H 
-0012SH 

Log  P,  determined 
from  31  observa- 
tions, distributed 
over  the  entire 
season. 

No.  1  &  2 
No.  1 
No.  2 

-'•5 
-'•S 
—  '■2 

9-99106 
9-9917S 

9-99475 
9-99541 

Note: — Western  declination  reckoned  negative,  eastern  declination  positive. 
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During  the  season,  48  stations,  lying  between  Chapleau,  Ont.,  and  Moosejaw, 
Sask.,  were  occupied.    Below  is  given  a  summary  of  the  work  done  at  each  station. 


Station. 

Date. 

No.  of  Observations  for 

Declination. 

Dip. 

Hor.Int. 

E. 
Elong. 

W. 
Elong. 

Chapleau  

May  7,9... 

2 

2 

2 

4 

Way  land  

May  10-11 

1 

2 

3 

4 

May  14-16 

1 

2 

4 

3 

May  19-20 

2 

2 

3 

2 

White  River  

May  23-25 

2 

2 

4 

2 

May  27-28 

2 

1 

2 

2 

May  30-31 

2 

2 

4 

4 

Remarks. 


Relocation  of  the  Car- 
negie Institution  sta- 
tion of  1906.  Needle 
steady.  Auroral  dis- 
play on  night  of  9th. 

Weather  cold  and  cloudy. 
Needle  steady.  As- 
tronomical observa- 
tions not  completed 
until  May  13. 

The  greatest  westerly- 
declination  recorded 
on  the  16th  occurred 
about  11  a.m. ;  not 
much  change  for  about 
5  hours  following. 

Disturbance  on  May  18. 
Needle  slightly  dis- 
turbed on  19th.  De- 
clination observations 
taken  during  the  dis- 
turbance on  May  18, 
on  which  day  Halley's 
comet  was  nearest  the 
earth,  are  given  below. 
See  p.  65. 

Approximately,  a  reloca- 
tion of  the  Carnegie 
Institution  station  of 
1906,  but,  owing  to  the 
removal  of  reference 
points,  it  was  impos- 
sible to  be  sure  of  the 
precise  point.  Observ- 
ing was  discontinued 
on  May  24,  owing  to  a 
slight  disturbance. 
Faint  aurora  on  night  of 
May  26.  Needle  slight- 
ly unsteady  on  morning 
of  27th  and  again  on 
morning  of  28th;  how- 
ever, no  observations 
were  discarded. 
Cloudy  with  snow  on  30th; 
rained  nearly  all  day  of 
31st,and  needle  slightly 
unsteady.  Unable  to 
complete  the  astronom- 
ical observations  until 
June  3. 
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No.  of  Observations  fob 

STATION. 

Date. 

Declination. 

Remarks. 

Dip. 

Hor.Int. 

E. 

W. 

Elong. 

Elong. 

Middle  ton  

June  4  

1 

1 

2 

2 

Considerable  local  at- 
traction. Range  of 
declination,  19'.6,  and 

dipwas80°20'.  Sample 

of    rock    taken  from 

cliff  near  station  de- 

flected the  needle. 

Spnrpi  hpr 

June  7-8 . . . 

i 

X 

1 

o 

A 

A 

Weather  fine.  Needle 
remained  practically 
stationary  for  about 
two  hours  on  morning 
of  the  7th,  and  for 
about  same  length  of 
time  at  noon.  Dis- 
turbance on  morning  of 
8th,  so  discarded  the 
declination  observa- 
tions. 

June  9-10. . 

1 

1 

3 

2 

Worked  only  part  of  the 
9th  owing  to  a  disturb- 
ance. 

...  . 

June  11-13. 

2 

2 

4 

4 

Observed  about  15  feet 
southerly  from  the 
Carnegie  Institution 
station  of  1906. 
Weather  conditions 
good  for  observing. 

June  14 

i 

1 

2 

2 

Onlv  one  day  spent  at 
Dorion.  Needle steadv. 

■  W  1 

June  15.  ... 

1 

i 

Only  one  day  spent  at 
Mackenzie. 

Fnrt  Willinm 

o 

A 

O 

£k 

4 

4 

Needle  slightly  unsteady, 
probably  due  to  the 
electric  car  line  which 
is  about  1  mile  to  the 
east . 

T_  ...... 

.Karoinistikwia . . 

June  21-22. 

l 

1 

2 

2 

Til  irnnt  1  nttori  onidPi'iiiff 

on  21st,  _owing  to  a 

disturbance. 

June  23-25. 

2 

2 

3 

2 

Weather  conditions  good 
for  observing.  Needle 
steady. 

June  27-28. 

2 

2 

4 

4 

Approximately,  a  reloca- 
tion of  the  Carnegie 
Institution  station  of 
1906.    Needle  steady. 

June  30- 

2 

2 

3 

3 

Smoky  owing  to  bush 

July  1 . . . 

fires. 

Martin  

July  2-4.... 

2 

2 

3 

4 

The  Western  elongation 
about  3'-7  less  on  July 
4th  than  it  was  on 
July  2nd:  needle  some- 
what unsteady  at  noon 
on  4th. 
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No.  of  Observations  for 


Station. 


Ignace. 


Date. 


Declination. 


E.  W. 
,  Elong.  Elong. 


Dip. 


Hor.lnt 


Tach6. 


July  6-8....  3 


Julv  11-12.. 


Wabigoon. 
Dryden. . . 


July  13-14.. 
Julv  16-17.. 


Eagle  '  July  1S-20. 


Vermilion.  . . 
Hawk  Lake. 


July  21. 


Kenora. 


Julv  23-24..  2 


Julv  26-27.. 


Kalmar. 


Rennie. 


Julv  28-29 


July  29-30.. 


Remarks. 


Discarded  observation  of 
July  5th,  owing  to  a  dis- 
turbance. Slight  dis- 
turbance on  July  7th. 
Thunder  storms  on  6th 
and  7th. 

No  astronomical  obser- 
vations, except  latitude 
obtained  on  the  11th, 
owing  to  clouds  and 
showers.  Thunder  and 
hail  storm  about  noon 
on  the  12th,  and  un- 
settled during  most  of 
the  afternoon. 

Conditions  on  both  days 
satisfactory  for  observ- 
ing. 

Judging  from  the  results 
obtained  here  there  is 
apparently  consider- 
able local  attraction, 
although  the  surface 
conditions  do  not  in- 
dicate it. 

Approximately,  a  relo- 
cation of  the  Carnegie 
Institution  station  of 
1906.  Conditions  fa- 
vourable for  observing. 

Completed  the  work  in 
one  day.  Needle 
steady. 

Weather  conditions  not 
very  favourable:  other- 
wise everything  was 
quite  satisfactory. 

Re-occupied  the  Carne- 
gie Institution  station 
of  1906.  Apparently 
favourable  conditions, 
though  there  is  a  good 
deal  of  rock  in  the 
vicinity. 

Had  difficulty  in  locating 
a  suitable  place  for  ob- 
serving, owing  to  the 
uneven  nature  of  the 
locality,  which  is,  for 
the  most  part,  covered 
with  small  trees. 

Conditions  favourable  for 
observing. 
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No.  of  Observations  for 


Station. 


Date. 


Declination. 


E.  W. 
Elong.  Elong. 


Dip. 


Hor.Int 


Remarks. 


Whitemouth. 


Aug.  1-2. 


Norquay . 


Winnipeg. 


Aug.  4-5. . 


Aug.  8-9.. . 


Marquette  

Portage-la-Prairie. 

McGregor  


Carberry . 


Aug.  11-12  j 
Aug.  15-16. 

Aug.  17-18 . 
Aug.  19-20. 


Brandon   Aug.  23-25 


Griswold   Aug.  26.... 

Virden   Aug.  27-28 


2 
2 

1 

2 
3 


The  needle  manifested  a 
slight  unsteadiness  on 
Aug.  1st  and  2nd, 
though  the  variation 
during  the  day  seems 
quite  regular.  The 
range  is  rather  large, 
being  18'. 2.  Observed 
for  declination  on  Aug. 
3rd,  but  discarded  the 
results,  as  there  was  a 
marked  disturbance. 

There  was  no  apparent 
disturbance  at  the  time 
of  observing,  though 
the  range  seems  rather 
large,  being  18'.2. 

The  station  is  a  reloca- 
tion of  the  Carnegie 
Institution  station  of 
1906.  Point  is  marked 
by  a  stone  pier  marked 
'C.I.  1908.'  The  needle 
showed  signs  of  un- 
steadiness. There  was 
an  auroral  display  on 
the  9th. 

Conditions  favourable  for 
observing. 

Thunder  storms  on  after- 
noon and  evening  of  the 
15th;  otherwise,  condi- 
tions were  favourable. 

Needle  slightly  unsteady 
on  the  morning  of  the 
18th. 

Xeedle  slightlv  unsteady 
Aug.  19. 

Was  unable  to  occupy  the 
Carnegie  Institution 
station  of  1906,  owing 
to  the  erection  of  build- 
ings in  the  vicinity.  Lo- 
cated on  the  Experi- 
mental Farm.  Was  un- 
able to  complete  the 
astronomical  work  un- 
til the  25th. 

Completed  the  work  in 
one  day. 

Slight  unsteadiness  of  the 
needle  on  the  28th. 
Took  an  eastern  elong- 
ation on  the  29th,  but 
a  disturbance  apparent- 
ly existed. 
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No.  of  Observations  for 

Station. 

Date. 

Declination. 

Remarks. 

E. 
Klong. 

W. 
Elong. 

Dip. 

Hor.Int. 

Kirkclla. . . 

Wapella . . . 
Broadview 


Wolseley . 


Indian  Head. 


Balgonie. 
Regina. . . 


Pense  

Moosejaw. 


Aug.  30-31  1 


Sep.  1-2... 
Sep.  3-5... 


Sep.  9-10. 


Sep.  12-13 . 


Sep.  14-15. 
Sep. 16-17. 


Sep.  19.  .  . 
Sep.  20-23. 


The  station  is  approxi- 
mately a  relocation  of 
the  Carnegie  Institu- 
tion station  of  1906. 
Range  only  ll'-2. 

Rained  most  of  day  of 
1st.  Fine  and  warm 
on  2nd. 

Station  approximately  a 
relocation  of  the  Carn- 
egie Institution  station 
of  1906.  I'nable  to 
complete  the  astron- 
omical work  until  Sept. 
Sth.  owing  to  bad 
weather. 

Slight  disturbance  on 
morning  of  10th.  and 
cold  and  windy  during 
day. 

Located  on  the  Experi- 
mental Farm.  Un- 
able to  find  a  place 
where  it  was  possible 
to  take  the  bearings  of 
a  number  of  well-de- 
fined objects,  owing  to 
the  level  nature  of  the 
land,  and  the  trees 
surrounding  the  fields. 
Needle  slightly  dis- 
turbed on  morning  of 
the  13th. 

Conditions  favourable  for 
work. 

Unable  to  occupy  the 
Carnegie  Institution 
station  of  1906.  Lo- 
cated about  one-fourth 
of  a  mile  in  a  south- 
westerly "direction,  on 
the  jail  grounds.  No 
apparent  disturbance, 
though  there  was  only 
about  3'  change  in  de- 
clination between  10- 
30  and  the  western 
elongation.  '  Observ- 
ations on  the  two 
days  are  concordant. 

Completed  the  work  in 
one  day,  conditions 
being  quite  favourable. 

Disturbance,  though 
slight,  on  20th,  21st 
and  22nd.  Range  on 
21st,  22nd  and  23rd 
was6'.5, 6'.2,  and  11 '.3, 
respectively.  
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Observations  for  Declination,  taken  at  Grasett,  Ont.,  on  May  18,  1910,  preced- 
ing, during,  and  following  the  computed  passage  of  Halley's  Comet. 


3th  Mer.  Time. 


Declination. 


Temp. 


Remarks. 
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Observations  for  Declination,  taken  at  Grasett,  Ont.,  on  May  18,  1910,  preced- 
ing, during,  and  following  the  computed  passage  of  Halley's  Comet. — Con. 
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Declination. 


Temp. 


52°-0  F 


46°  .0  F 


46°-0  F 


44°  0  F 


42°-0  F 
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Results  for  1906  taken  from  Meteorological  Service  Report  for  1906;  and  res- 
ults for  1910  taken  from  the  Journal  of  the  Royal  Astronomical  Society  of  Canada 
for  1910. 


Description  of  Magnetic  Stations  occupied  by  C.  A.  French  in  1910. 

Chapleau,  Ont. — -The  station  is  a  relocation  of  the  Carnegie  Institution  station. 
It  is  near  the  river  bank  on  the  east  side  of  the  town,  just  at  the  end  of  the  street, 
lying  between  the  Protestant  and  Catholic  cemeteries.  It  is  60  feet  southeast  of 
the  southeast  corner  of  the  Protestant  cemetery,  and  59  feet  northeast  of  the  north- 
east corner  of  the  Catholic  cemetery.  True  bearings  of  the  following  points  were 
determined: — 

Pole  on  Algoma  hotel,  72 0  31 '.3  west  of  south. 
Pole  on  water-tank  (R.O.),  73°21'.l  west  of  south. 

Wayland,  Ont. — The  station  is  244  feet  southwesterly  from  the  southwesterly- 
corner  of  the  C.  P.  R.  depot.  From  the  station,  all  of  the  depot,  except  the  southerly 
end,  is  hidden  from  view  by  a  large  boulder,  which  is  about  94  feet  distant  in  a 
northeasterly  direction.  A  stake,  2  inches  in  diameter,  and  projecting  15  inches 
above  ground,  marks  the  point.  True  bearings  of  the  following  points  were  de- 
termined:— • 

Chimney  on  C.  P.  R.  water-tank  (R.O.),  19°  14'.2  east  of  north. 
South  gable  of  C.  P.  R.  depot,  41  °  57 '.8  east  of  north. 

Missinaibi,  Ont.- — The  station  is  approximately  a  relocation  of  the  Carnegie 
Institution  station  of  1906.  It  is  about  one-fourth  of  a  mile  west  of  the  old  Hudson's 
Bay  Company's  post  and  about  400  feet  south  of  the  railroad.  From  the  station 
the  C.  P.  R.  pump-house  and  tank  may  be  seen  slightly  to  the  west  of  the  centre  of 
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the  top  of  the  Hudson's  Bay  Company's  new  store.  The  point  is  56  feet  from  the 
southeasterly  corner  and  49.5  feet  from  the  southwesterly  comer  of  the  Episcopal 
church.    True  bearings  of  the  following  points  were  determined: — 

Chimney  on  C.  P.  R.  Co.'s  water-tank  (R.O.),  24°  29'.9  west  of  north. 
Pole  on  school,  2 0  36'.2  west  of  north. 

Southeasterly  corner  of  Hudson's  Bay  Co.'s  store,  19°  8'.5  west  of  north. 

The  point  is  marked  by  a  stake,  2  inches  in  diameter,  and  6  inches  above 
ground. 

Grasett,  Ont. — The  station  is  in  a  small  clearing  northeast  of  the  C.  P.  R.  depot. 
It  is  366  feet  northeast  of  the  northeast  corner  of  the  section-house  on  the  south 
side  of  the  C.  P.  R.  tracks.  The  line  joining  the  station  with  the  corner  of  the  sec- 
tion-house intersects  the  track  72  feet  from  the  house.  The  point  is  marked  by 
a  stake,  3  by  3  inches,  and  projecting  2  inches  above  ground.  True  bearings  of  the 
following  points  were  determined: — 

Pole  on  east  end  of  south  section-house,  136°  26'.5  west  of  north. 
Pole  on  west  end  of  south  section-house,  ,133°  53'.3  west  of  north. 
Gable  of  north  end  of  north  section-house,  122°  26'.3  west  of  north. 

"White  River,  Ont. — The  station  is  probably  within  20  feet  of  the  Carnegie 
Institution  station.  It  is  110.5  feet  east  of  the  Y.  M.  C.  A.  building  and  slightly 
to  the  north  of  a  line  extending  from,  and  at  right  angles  to,  the  middle  of  the 
eastern  side  of  the  building.  It  is  152.5  feet  southeasterly  from  the  southeast 
corner  of  the  main  part  of  the  Methodist  church.  The  tip  of  the  pole  on  the  C. 
P.  R.  water-tank  may  be  seen  over  the  east  gable  of  the  school,  and  also  over  a 
building  used  as  a  dwelling-house  and  pool-room.  True  bearings  of  the  following 
points  were  determined: — 

Tip  of  ventilator  on  C.  P.  R.  roundhouse,  63°  5'.4  west  of  north. 
Tip  of  pole  on  C.  P.  R.  water-tank,  52°  14 '.4  west  of  north. 
Chimney  on  English  church,  22°  4'.5  west  of  north. 
Spire  on  Catholic  church  (R.O.),  17°  28'.4  west  of  north. 

The  point  is  marked  by  a  stake,  2  inches  by  3  inches,  projecting  3  inches  above 
ground. 

Montizambert,  Ont. — The  station  is  on  a  clearing,  northwest  of  the  C.  P.  R. 
-depot,  being  540  feet  westerly  from  the  depot,  165  feet  north  of  the  C.  P.  R.  tracks, 
and  90  feet  south  of  the  White  river.  The  east  end  of  the  section-house,  on  the 
south  side  of  the  track,  may  be  seen  to  the  east  of  a  log  building,  which  is  distant 
51  feet  from  the  station.    True  bearings  of  the  following  points  were  determined: — 

West  gable  of  C.  P.  R.  depot  (R.O.),  52°  7'.9  east  of  north. 
East  gable  of  C.  P.  R.  section-house,  133°  55'. 1  east  of  north. 

The  point  is  marked  by  a  stake,  2  inches  in  diameter,  and  projecting  2  inches 
above  ground. 

Heron  Bay,  Ont. — The  station  is  in  a  field  lying  to  the  northwest  of  the  C.  P. 
R.  depot.  It  is  about  325  feet  north  of  the  C.  P.  R.  tracks,  and  is  in  line  with,  and 
40  feet  north  of,  the  end  of  a  fence,  which,  if  continued  in  a  southerly  direction, 
would  pass  about  20  feet  west  of  the  depot.  About  30  feet  south  of  the  station  is 
a  ridge  of  rock  extending  40  feet  in  an  easterly  and  westerly  direction.    The  point 
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is  marked  by  a  stake,  2  inches  by  4  inches,  and  projecting  3  inches  above  ground. 
True  bearings  of  the  following  points  were  determined: — 

North  gable  of  Begg's  house  and  store,  119°  12'. 8  east  of  north. 
West  gable  of  C.  P.  R.  depot,  155°  00'.9  east  of  north. 
North  gable  of  Miller's  store  (R.O.),  172°  22M  east  of  north. 

Middleton,  Ont. — The  station  is  about  450  feet  south  of  the  C.  P.  R.  tracks, 
and  75  feet  north  of  the  edge  of  a  gravel  beach  on  Lake  Superior.  It  is  35  feet  west 
of  a  rocky  bluff  and  12  feet  north  of  an  excavation.  To  the  west,  about  12  feet  and 
beyond,  the  soil  consists,  for  the  most  part,  of  stones  and  coarse  gravel.  The  point 
is  marked  by  a  stake,  3  inches  in  diameter,  and  projecting  1  inch  above  ground. 
True  bearings  of  the  following  points  were  determined: — 

Top  of  second  telegraph  pole  west  of  C.  P.  R.  depot,  2°  26'. 1  east  of  north. 
West  gable  of  C.  P.  R.  depot  (R.  0.),  34  °  23M  east  of  north. 
East  gable  of  C.  P.  R.  depot,  38°  9'.  1  east  of  north. 

A  piece  of  rock  taken  from  the  bluff  to  the  east  of  the  station  showed  marked 
magnetic  action. 

Schreiber,  Ont. — The  station  is  a  relocation  of  the  Carnegie  Institution  station 
of  1906.  It  is  in  an  open  field  about  one-third  of  a  mile  east  of  the  town,  near  the 
cemetery,  being  100  feet  from  the  southwest  corner,  and  directly  in  line  with  the 
picket  fence  on  the  south  side.  It  is  one-quarter  of  a  mile  east  of  the  railroad. 
True  bearings  of  the  following  points  were  determined: — ■ 

Tip  of  ventilator  on  C.  P.  R.  shops,  12°  47'. 7  west  of  south. 

Tip  of  pole  on  C.  P.  R.  water-tank  (R.O.),  28°  56'.3  west  of  south. 

Spire  on  Presbyterian  church,  56  °  24'. 5  west  of  south. 

East  gable  of  Y.  M.  C.  A.  building,  78  °  2'.5  west  of  south. 

Tip  of  belfry  on  school,  85°  19'. 5  west  of  north. 

Gravel,  Ont. — The  station  is  at  the  summit  of  a  slope,  224  feet  north  of  the 
C.  P.  R.  tracks.  It  is  in  line  with  the  east  side,  and  182  feet  from  the  northeast 
corner  of  the  C.  P.  R.  depot.  It  is  97  feet  northwest  of  the  northwest  corner  of 
a  small  red  house,  belonging  to  Mr.  Roy.  True  bearings  of  the  following  points 
were  determined: — 

East  gable  of  C.  P.  R.  depot,  34  °  9'.8  west  of  south. 

Top  of  pole  on  C.  P.  R.  water-tank  (R.O.),  78°  55'. 4  west  of  north. 

A  stake,  2  inches  in  diameter  and  projecting  4  inches  above  ground,  marks  the 
point. 

Xipigon,  Ont. — The  station  is  approximately  11.5  feet  south  and  5  feet  west 
of  the  Carnegie  Institution  station  of  1906.  It  is  in  the  northeastern  part  of  the 
town,  about  400  feet  east  of  the  C.  P.  R.  tracks.  It  is  11.5  feet  south  of  the  fence 
along  the  north  side  of  the  street  running  from  the  C.  P.  R.  water-tank  eastward 
to  the  river,  and  17  feet  from  the  bank  of  the  river.  True  bearings  of  the  following 
points  were  determined: — 

Spire  on  Presbyterian  church,  142°  40'. 1  west  of  north. 

Top  of  pole  on  Hudson's  Bay  Co's  store,  118°  52'. 1  west  of  north. 

Spire  on  C.  P.  R.  water-tank,  88  °  35'.2  west  of  north. 
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Dorion,  Ont. — The  station  is  in  an  open  field,  north  of  the  C.  P.  R.  tracks  and 
depot.  It  is  190  feet  north  of  the  fence  on  the  south  side  of  the  field  which  is  ad- 
jacent to  the  C.  P.  R.,  and  84  feet  east  of  the  middle  of  the  road  which  crosses  the 
field.    True  bearings  of  the  following  points  were  determined: — 

South  gable  of  Mr.  Kohler's  stable,  32°  50'. 7  west  of  north. 
South  gable  of  house  on  farm  lying  to  north  of  Mr.  Kohler's,  28°  28'. 8  west 
of  north. 

South  gable  of  Mr.  Kohler's  house,  22°  51 '.4  west  of  north. 

Mackenzie,  Out. — The  station  is  on  a  small  clearing  northwest  of  the  C.  P.  R. 
depot.  It  is  203  feet  north  of  the  tracks,  and  is  in  line  with  the  west  end  of  the 
section-house,  being  228  feet  from  the  northwest  corner  of  the  main  part  of  the 
building.    True  bearings  of  the  following  points  were  determined: — 

West  gable  of  C.  P.  R.  depot,  125°  59'.3  east  of  north. 
East  pole  on  section-house,  155°  30'. 0  east  of  north. 
West  pole  on  section-house  (R.O.),  161  °  2'. 8  east  of  north. 
Tip  of  pipe  on  C.  P.  R.  water-tank,  176°  56'.8  east  of  north. 

Fort  William,  Ont. — The  station  is  in  an  open  field,  lying  north  of  Leith  street 
and  west  of  Archibald  street.  It  is  22  feet  west  of  the  west  side  of  Archibald  street, 
and  is  north  of,  and  in  line  with,  the  east  end  of  the  'Arena,'  being  96.5  feet  north 
of  the  fence  on  the  north  side  of  the  enclosure  surrounding  the  building.  True 
bearings  of  the  following  points  were  determined: — 

Bottom  of  flagstaff  on  school,  3°  41'.2  east  of  north. 
Pole  on  C.  P.  R.  elevator  B,  40  °  O'.l  east  of  north. 
Top  of  pole  on  Central  school,  140°  55'.3  east  of  north. 
Top  of  pole  on  City  hall  (R.O.),  160°  1'.8  east  of  north. 
Top  of  pole  on  the  'Arena/  0 0  6'. 6  west  of  south. 

Kaminit&ikwia,  Out. — The  station  is  about  380  feet  north  of  the  C.  P.  R. 
tracks.  It  is  almost  in  line  with  the  easterly  end,  and  is  99  feet  southerly  from  the 
southeasterly  corner  of  a  log  house  on  the  west  side  of  the  road,  and  further,  is 
109  feet  southwesterly  from  the  southwest  corner  of  another  log  house  on  the  east 
side  of  the  road.    These  are  the  only  houses  in  the  immediate  vicinity. 

The  point  is  marked  by  a  stake,  2  by  3  inches,  and  projecting  2  inches  above 
ground.    True  bearings  of  the  following  points  were  determined: — 

'  West  gable  of  C.  P.  R.  freight-shed,  59°  18'.2  west  of  south. 
Northwest  corner  of  C.  P.  R.  depot,  74  °  39'.0  west  of  south. 
Top  of  pole  on  C.  P.  R.  water-tank  (R.O.),  64°  28'.4  west  of  north. 

Railh,  Ont. — The  station  is  150  feet  north  of  the  Grand  Trunk  Pacific  railway. 
It  is  in  line  with  the  south  side  of  Mr.  Johnson's  house,  and  240  feet  east  of  the 
southeast  corner. 

A  stake,  2  by  4  inches,  and  1  inch  above  ground,  marks  the  point.  True  bear- 
ings of  the  following  points  were  determined  :^- 

Top  of  pole  on  C.  P.  R.  water-tank,  78 0  13'.6  west  of  south. 
East  gable  of  C.  P.  R.  depot,  75  °  17'.4  west  of  north. 
Top  of  pole  on  G.  T.  P.  water-tank  (R.O.),  64  °  37'.  1  west  of  north. 
East  gable  of  C.  P.  R.  section-house,  54  °  56'. 0  west  of  north. 
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Savanne,  Ont. — This  is  approximately  a  relocation  of  the  Carnegie  Institution 
station  of  1906.  The  station  is  near  the  Savanne  river,  about  one-quarter  of  a 
mile  south  of  the  C.  P.  R.  tracks.  It  is  about  54  feet  north  of  the  bank  of  the  river, 
in  a  path  which  leads  south  from  the  railroad,  leaving  the  railroad  at  a  point  800 
feet  east  of  the  depot.  There  is  a  telegraph  pole  about  20  feet  west  of  the  contin- 
uation of  a  line  joining  the  station  and  the  pole  on  the  Hudson's  Bay  Company's 
store  (.now  vacated).  The  point  is  marked  by  a  stake,  3  inches  in  diameter,  and  pro- 
jecting 3  inches  above  ground.  True  bearing  of  the  following  point  was  deter- 
mined : — ■ 

Pole  on  Hudson's  Bay  Company's  store,  24°  30'. 1  east  of  north. 

Niblock,  Ont. — -The  station  is  on  a  small  clearing  southwest  of  the  C.  P.  R. 
depot,  being  on  the  summit  of  a  small  ridge  which  runs  in  an  easterly  and  westerly 
direction.  It  is  270  feet  southwesterly  from  the  southwest  corner  of  the  main  part 
of  the  depot.  The  point  is  marked  by  a  stake,  2  inches  in  diameter,  and  projecting 
3  inches  above  ground.    True  bearings  of  the  following  points  were  obtained:— 

South  gable  of  small  car-house  west  of  depot  (R.O.),  7°  21 '.1  east  of  north. 
Southwest  corner  of  main  part  of  C.  P.  R.  depot,  62°  7'. 8  east  of  south. 

Martin,  Ont. — The  station  is  near  the  northeasterly  corner  of  a  field  surrounding 
the  section-house,  being  17  feet  from  the  fence  on  the  northerly  side  and  24  feet 
from  the  fence  on  the  easterly  side  of  field.  It  is  226  feet  in  a  northerly  direction 
from  the  C.  P.  R.  tracks,  and  206  feet  northeasterly  from  the  northeast  corner  of 
the  section-house.  A  stake,  2  inches  in  diameter  and  projecting  3  inches  above 
ground,  marks  the  point. 

The  east  gable  of  the  section-house  bears  76 0  18 '.2  east  of  north. 

Ignace,  Ont. — The  station  is  approximately  a  relocation  of  the  Carnegie  In- 
stitution station  of  1906.  It  is  in  an  open  field,  about  500  feet  south  of  the  C.  P.  R. 
tracks  and  about  600  feet  southeast  of  the  C.  P.  R.  roundhouse.  It  is  208  feet 
east  of  the  east  side  of  the  first  street  east  of  the  Y.  M.  C.  A.  building,  and  52  ft. 
north  of  the  fence  on  the  south  side  of  the  field.  True  bearings  of  the  following 
points  were  determined: — 

Tip  of  pole  on  C.  P.  R.  water-tank,  61  °  15'.8  west  of  north. 
Tip  of  pole  on  Y.  M.  C.  A.  building  (Ignace  hotel)  (R.O.),  35 0  18'.9  west 
of  north. 

East  gable  of  store,  26  °  30'.  1  west  of  north. 

Tache,  Ont. — The  station  is  east  of  the  river,  and  260  feet  south  of  the  C.  P. 
R.  tracks.  It  is  about  12  feet  east  of  a  point  which  is  in  line  with  the  east  end  of  the 
railway  bridge  over  the  river,  18  feet  from  the  edge  of  a  small  ravine  on  the  west, 
and  15  feet  from  the  edge  of  one  on  the  south.  The  point  is  marked  by  a  stake.  2 
inches  in  diameter,  and  projecting  3  inches  above  ground.  True  bearings  of  the 
following  points  were  determined: — 

East  gable  of  C.  P.  R.  depot  (R.  O.),  16 0  24'.9  west  of  north. 
Top  of  pipe  on  chimney  of  C.  P.  R.  depot,  16°  6'.2  west  of  north. 
Tip  of  pole  on  C.  P.  R.  water-tank,  6  °  25'.8  east  of  north. 
South  gable  of  car-house,  61  °  22'.7  east  of  north. 
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Wdbigoon,  Ont.- — The  station  is  34  foot  south  of  the  foot  of  a  ridge  of  rock 
which  terminates  Stanley  avenue  at  its  northerly  end,  and  is  in  line  with  the  fence 
on  the  easterly  side  of  the  street.  The  point  is  marked  by  a  stake,  2  inches  by  3 
inches,  projecting  3  inches  above  ground.  True  hearings  of  the  following  points 
were  determined. 

Top  of  cross  on  English  church,  44°  51'.7  east  of  south. 
Pole  on  Imperial  hotel  (R.O.),  28°  54'.9  east  of  south. 
Gable  of  house  on  southerly  side  of  bay,  16°  44'. 5  west  of  south. 

Dryden,  Ont. — The  station  is  about  j  of  a  mile  northeast  of  the  town  on  the 
cast  side  of  the  Wabigoon  river.  It  is  on  an  unused  portion  of  the  Government 
road  which  runs  from  the  river  into  the  country  in  a  northeasterly  direction,  and  is 
about  midway  between  the  river  and  the  end  of  Florence  street,  which  intersects 
the  road  at  right  angles.  The  road  leading  from  the  town  meets  the  main  road 
where  the  latter  and  Florence  street  intersect.  The  pole  on  the  C.  P.  R.  water- 
tank  may  be  seen  about  midway  between  the  cross  on  the  English  church  and  the 
pole  on  the  Central  hotel.  The  point  is  34  feet  from  the  southerly  side  of  I  he  (  iov- 
ernment  road  and  290  feet  from  the  northeasterly  corner  formed  by  the  intersection 
of  Florence  street  and  the  Government  road.  The  point  is  marked  by  a  3  by  3- 
inch  stake,  projecting  2  inches  above  ground.  True  bearings  of  the  following 
points  were  determined: — 

North  chimney  on  Mr.  Swanson's  house,  99°  32'. 3  east  of  north. 

Cross  on  English  church,  121  °  51'. 4  east  of  north. 

Pole  on  C.  P.  R.  water-tank  (R.  O.),  123  °  OO'.O  east  of  north. 

Eagle,  Ont. — The  station  is  approximately  a  relocation  of  the  Carnegie  Institu- 
tion of  1900.  It  is  about  j  of  a  mile  east  of  the  C.  P.  R.  depot  (moved  since  1900), 
and  about  500  feet  south  of  the  C.  P.  R.  tracks.  A  line,  which  is  a  continuation 
of  the  east  side  of  Mr.  J.  A.  Gardiner's  house  (formerly  the  Central  hotel)  in  a  south- 
erly direction,  intersects  a  line  joining  the  station  and  pole  on  the  C.  P.  R.  water- 
tank,  177  feet  from  the  southeast  corner  of  the  house  and  64  feet  westerly  from  the 
station.    True  bearings  of  the  following  points  were  determined: — 

Top  of  pole  on  C,  P.  R.  water-tank  (R.  O.),  74°  33'.8  west  of  south. 

East  gable  of  C.  P.  R.  depot  ,  77  °  24 '.5  west  of  south. 

Bottom  of  pole  on  'Blue'  store,  74°  37'. 4  west  of  north. 

Left  edge  of  chimney  on  Mrs.  Mitchell's  house,  60°  55'.9  west  of  north. 

East  gable  of  Mrs.  Mitchell's  house,  58  °  27'.5  west  of  north. 

Vermilion,  Ont. — The  station  is  north  of  the  C.  P.  R.  tracks  about  400 
feet.  It  is  6  feet  west  of  being  in  line  with  the  west  side  of  the  Grand  Trunk  house, 
and  is  158  feet  north  of  the  northwest  corner  of  the  main  part  of  the  building. 
It  is  30  feet  west  of  being  in  line  with  the  west  side  of  the  C.  P.  R.  depot,  and  is 
288  feet  north  of  the  fence  on  the  north  side  of  the  C.  P.  R.  yard.  A  stake,  2  by  2 
inches,  and  2  inches  above  ground,  marks  the  precise  point.  True  bearings  of  the 
following  points  were  determined: — 

East  gable  of  freight-shed,  west  of  C.  P.  R.  tank  (R.  O.),  34°  52'.5  west  of 
south. 

Top  of  pole  on  C.  P.  R.  water-tank,  24°  43'.3  west  of  south. 
East  gable  of  C.  P.  R.  depot,  14°  0'.9  east  of  south. 
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Hairk  Lake,  Ont. — The  station  is  located  on  a  clearing  slightly  to  the  west  of 
south  from  the  C.  P.  R.  depot,  and  about  300  feet  south  of  the  C.  P.  R.  tracks. 
It  is  25  feet  from  the  shore  of  the  lake  and  100  feet  southwesterly  from  a  rocky 
beach,  exposed  part  of  the  rock  being  about  20  feet  in  width.  The  central  portion  of 
this  part  of  the  beach  is  in  line  with  the  west  end  of  the  C.  P.  R.  depot.  The 
point  is  marked  by  a  stake,  2  inches  in  diameter,  and  projects  4  inches  above 
ground.    True  bearings  of  the  following  points  were  determined: — ■ 

West  gable  of  C.  P.  R.  depot  (R.O.),  9°  40'.4  west  of  north. 

East  gable  of  C.  P.  R.  depot,  1  '  27'.2  west  of  north.  ' 

First  telegraph  pole  east  of  C.  P.  R.  depot,  6  °  52'.2  east  of  north. 

Kenora,  Ont. — The  station  is  approximately  a  relocation  of  the  Carnegie  In- 
stitution station  of  1906.  The  point  is  west  of  and  slightly  to  the  north  of  being 
in  line  with  the  front  of  Mr.  Wilson's  house.  It  is  58  feet  west  of  the  fence  along 
the  west  side  of  Mr.  Wilson's  lot,  and  16  feet  north  of  the  north  side  of  Park  street 
(East  Third  street).    True  bearings  of  the  following  points  were  determined: — 

Spire  on  Knox  church  (R.  O.),  67°  24'. 0  west  of  south. 
Pole  on  Central  school,  84°  43'. 4  west  of  north. 
Spire  on  Episcopal  church,  78°  7'.1  west  of  north. 
Spire  on  Catholic  church,  74°  38'.6  west  of  north. 

Kalmar,  Ont. — The  station  is  on  a  level  portion  of  ground  near  the  summit  of 
a  slope  lying  to  the  east  of  the  western  section-house.  It  is  reached  by  a  path, 
which  leaves  the  C.  P.  R.  tracks  at  a  point  about  50  feet  east  of  the  section-house. 
It  is  about  245  feet  north  of  the  tracks,  and  about  300  feet  northeast  of  the  north- 
east corner  of  the  house.  The  point  is  marked  by  a  stake,  2  inches  in  diameter, 
and  projecting  1  foot  above  ground.    A  mound  of  stones  surrounds  the  stake. 

The  east  gable  of  the  section-house  bears  57°  30'. 1  west  of  south. 

Rennie,  Man. — The  station  is  on  the  property  of  Mr.  Shepherd.  It  is  about 
300  feet  northeast  of  the  C.  P.  R.  depot,  being  near  the  southeast  corner  of  the 
second  enclosure,  east  of  the  C-  P.  R.  tracks.  It  is  33  feet  north  of  the  fence  on 
the  south,  and  90  feet  west  of  the  fence  on  the  east  side  of  the  enclosure.  A  stake, 
3  inches  in  diameter  and  6  inches  above  ground,  marks  the  precise  point.  True 
bearings  of  the  following  points  were  determined: — 

Top  of  pole  on  C.  P.  R.  water-tank  (R.  O.),  56  °  21M  east  of  south. 
Left  edge  of  east  chimney  on  C.  P.  R.  depot,  52°  38'.  1  west  of  south. 

Whitemouth,  Man. — The  station  is  northeast  of  the  C.  P.  R.  depot,  and  about 
600  feet  north  of  the  C.  P.  R.  tracks,  being  on  property  belonging  to  Sir.  McKinley. 
It  is  at  the  summit  of  a  slope  adjacent  to  the  river,  and  is  15  feet  north  of  the  fence 
which  marks  the  northerly  limit  of  the  first  enclosure  north  of  the  main  street  of 
the  village.  It  is  75  feet  west  of  a  gate  which  is  on  the  west  side  of  a  lane  running 
from  the  main  street  to  the  river;  140  feet  northeast  of  a  church,  and  about  225 
feet  west  of  the  C.  P.  R.  pump-house.  A  stake,  2  inches  in  diameter  and  4  inches 
above  ground,  marks  the  precise  point.  True  bearings  of  the  following  points  were 
determined : — 

Top  of  pole  on  C.  P.  R.  water-tank  (R.  O.),  35  °  34'.0  west  of  south. 
Pole  on  east  end  of  C.  P.  R.  depot,  53  °  41  '.4  west  of  south . 
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Norquay,  Man. — The  station  is  in  an  open  field  belonging  to  Mr.  Black.  It 
is  360  feet  south  of  the  south  limit  of  the  C.  P.  R.  right-of-way,  and  140  feet  east 
of  the  west  limit  of  the  Government  road  allowance.  A  squatter's  house  is  about 
100  feet  northwesterly  from  the  station.  True  bearings  of  the  following  points 
were  determined : — ■ 

East  gable  of  section-house  (R.  0.),  26°  16'.0  west  of  north. 
West  gable  of  C.  P.  R.  depot,  4  °  1'.6  east  of  nort  h. 

Winnipeg,  Man. — The  station  is  a  relocation  of  the  Carnegie  Institution  station 
of  1906.  A  stone  pier,  marked  'C.  L,  1908,'  represents  the  precise  point.  It  is  in 
River  park,  about  one-half  mile  east  of  the  park  entrance,  in  the  first  cleared  space 
beyond  the  grove  of  small  trees  that  surround  the  entrance.  It  is  about  45  feet 
from  the  top  of  the  north  bank  of  the  Red  river,  and  in  line  with  the  fence  bounding 
the  buffalo  pasture  on  the  side  adjacent  to  the  river.  It  is  about  330  feet  south- 
west of  the  south  corner  of  the  pasture.  Two  grain  elevators  in  the  distance,  and 
a  small  red  barn  in  the  pasture,  are  seen  nearly  in  line  from  the  station.  A  red 
water-tank  is  seen  near  the  elevators  and  a  little  to  the  west  of  the  barn.  The 
following  true  bearings  were  determined:— 

Pole  on  red  water-tank  (R.  O.),  23°  36'.9  east  of  north. 
Smoke-stack  near  International  elevator,  39°  17'. 1  east  of  north. 
West  gable  of  large  white  house,  47 0  25'. 9  east  of  north. 

Marquette,  Man. — The  station  is  about  300  feet  southwesterly  from  Mr.  Smith's 
store,  and  about  500  feet  south  of  the  C.  P.  R.  tracks.  It  is  76  feet  east  of  the 
middle  of  a  north-south  road,  161  feet  north  of  the  middle  of  the  east-west  road, 
and  169  feet  southwest  of  the  southwest  corner  of  a  red  barn.  Mr.  Smith's  store 
appears  midway  between  the  west  end  of  the  C.  P.  R.  depot  and  the  east  end  of 
the  C.  P.  R.  section-house.  A  stake,  2  inches  in  diameter  and  3  inches  above 
ground,  marks  the  point  .    True  bearings  of  the  following  points  were  determined : — 

West  gable  of  C.  P.  R.  freight-shed,  45°  57'.9  east  of  north. 

West  gable  of  C.  P.  R.  depot,  49 0  15' .  5  east  of  north. 

East  gable  of  C.  P.  R.  section-house,  64  °  4' .  7  east  of  north. 

Pole  on  west  end  of  Mr.  Brown's  stable  (R.O.),  121°  37'.2  east  of  north. 

Portage-la-Prairie,  Man. — The  station  is  on  the  grounds  of  the  Agricultural 
Association,  near  the  east  end  of  the  enclosure,  which  is  inside  the  race-track.  It 
is  132  feet  west  of  the  easterly  extremity  of  the  curved  portion  of  the  fence,  190 
feet  north  of  the  fence  on  the  south  side,  and  200  feet  south  of  the  fence  on  the  north 
side  of  the  enclosure.    True  bearings  of  the  following  points  were  determined: — 

Bottom  of  pole  on  judges'  stand,  near  barns  (R.  O.),  77 0  52 '.5  west  of  north. 
West  pole  on  grandstand,  63  °  39'. 3  west  of  north. 
East  pole  on  grandstand,  54°  10'. 6  west  of  north. 
Bottom  of  pole  on  pavilion,  46°  38'.8  west  of  north. 

McGregor*Man. — The  station  is  near  the  northwest  corner  of  a  small  field 
belonging  to  Mr.  F.  E.  Lewin.  The  field  is  adjacent  to  the  south  side  of  the  school 
grounds  and  [the  street  which  passes  to  the  west  of  the  school.  The  point  is  26 
feet  south  of.the  fence  on  the  south  side  of  the  school  grounds,  and  38  feet  east  of 
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the  street  fence.  The  point  is  marked  by  a  stake,  2  inches  by  4  inches,  and  pro- 
jecting 2  inches  above  ground.  True  bearings  of  the  following  points  were  deter- 
mined : — 

Tip  of  pole  on  C.  P.  R.  water-tank,  16  °  25'. 2  east  of  south. 

Bottom  of  spire  on  Methodist  church  (R.  0.),  43 0  37'.6  east  of  south. 

Tip  of  pole  on  public  school,  62 0  6'. 9  east  of  north. 

Carberry,  Man. —  The  station  is  in  an  open  field  in  the  northwestern^  part  of 
the  town,  being  in  block  6,  between  First  and  Second  avenues,  on  the  north  and 
south,  and  Duft'erin  and  Lisgar  streets  on  east  and  west,  respectively.  It  is  88 
feet  east  of  Lisgar  street,  and  172  feet  south  of  First  avenue.  The  point  is  marked 
by  a  2^by  2-inch  stake,  driven  flush  with  the  ground.  True  bearings  of  the  fol- 
lowing points  were  determined: — 

Top  of  short  pole  on  front  of  public  school,  89°  13'. 9  east  of  south. 

Spire  on  Presbyterian  church,  65  °  16'.6  east  of  south. 

Top  of  pole  on  bell-tower  near  town-hall,  52  °  4'. 8  east  of  south. 

Top  of  pole  on  town-hall,  50  °  54'. 6  east  of  south. 

Spire  on  English  church,  24°  42'. 6  east  of  south. 

Top  of  pole  on  elevator  (R.  0.),  12  °  42'.2  east  of  south. 

Brandon,  Man. — The  station  is  on  the  Dominion  Experimental  Farm,  being 
near  the  summit  of  the  second  small  ridge  lying  to  the  northeast  of  the  farm  build- 
ings. It  is  231  feet  east,  and  180  feet  north  of  the  southeast  corner  of  the  large 
barn  (trees  preventing  measurements  being  taken  from  the  northeast  corner), 
230  feet  northwesterly  from  the  Meteorological  station,  and  24  feet  southeast  of 
a  flag-pole.  A  stake,  2  by  4  inches,  driven  flush  with  the  ground,  marks  the  point. 
True  bearings  of  the  following  points  were  determined: — 

West  gable  of  the  Superintendent's  house,  55°  15'.2  east  of  south. 
Spire  on  Catholic  church  in  city,  43  °  41 '.0  east  of  south. 
Top  of  dome  of  public  school  in  city,  29°  8'. 2  east  of  south. 
Top  of  central  dome  of  Brandon  college,  23°  22'. 2  east  of  south. 
Smokestack  on  mill,  2°  19'. 8  east  of  south. 

Griswold,  Man. — The  station  is  in  an  open  field,  south  of  the  C.  P.  R.  tracks 
and  in  line  with  the  west  end  of  the  C.  P.  R.  depot.  It  is  460  feet  south  of  the  tracks, 
and  123  feet  south  of  a  well,  which  is  about  6  feet  east  of  a  line  joining  the  south- 
west corner  of  the  C.  P.  R.  depot  and  station.  True  bearings  of  the  following  points 
were  determined: — 

South  gable  of  elevator  No.  188,  21 0  26'.0  west  of  north. 
West  pole  of  C.  P.  R.  depot,  12°  56'. 7  west  of  north. 
East  pole  of  C.  P.  R.  depot,  9  °  27'.7  west  of  north. 
East  pole  on  hotel  (R.  O.),  2°  32'.7  east  of  north. 
South  gable  of  Ogilvie's  elevator,  19°  43'.4  east  of  north. 
South  gable  of  International  Elevator  Company's  elevator,  33°  17'. 1  east 
of  north. 

Virden,  Man. — The  station  is  located  near  the  northeast  corner  of  the  Agri- 
cultural grounds.  It  is  about  70  feet  outside  the  race-track,  57  feet  west  of  the 
fence  on  the  east  side,  and  63  feet  south  of  the  fence  on  the  north  side  of  the  grounds. 
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The  top  of  the  C.  P.  R.  depot  may  be  seen  a  little  to  the  left  of  the  pole  on  the 
Alexandra  hotel.  The  point  i.s  marked  by  a  2  by  2-ineh  stake  which  projects  1 
inch  above  ground.    True  bearings  of  the  following  points  were  determined: — 

Bottom  of  pole  on  C.  P.  R.  water-tank,  68°  27'.0  west  of  south. 
Bottom  of  pole  on  Alexandra  hotel  (R.  0.),  89°  32'.9  west  of  south. 
East  gable  of  Ogilvie's  elevator,  83°  2'.4  west  of  north. 
East  gable  of  Impl.  Elevator  Go's  elevator,  69°  29'. 7  west  of  north. 

Kirkella,  Man. — The  station  is  approximately  a  relocation  of  the  Carnegie 
Institution  station  of  1906.  It  is  southeast  of  the  group  of  houses  comprising 
the  village.  It  is  in  line  with  the  west  end  and  112  feet  south  of  the  southwest 
corner  of  the  main  part  of  the  Episcopal  church,  109  feet  east  of  the  east  boundary 
of  the  school  yard,  and  42  feet  west  of  the  west  side  of  the  street  which  passes  to 
the  rear  of  the  church.  A  stake,  2  by  2  inches,  and  3  inches  above  ground,  marks 
the  point.    True  bearings  of  the  following  points  were  determined: — 

Southeast  corner  of  upper  part  of  elevator  No.  27,  37°  54'. 5  west  of  north. 
South  gable  of  elevator  No.  27  (R.  O.),  37°  53'.7  west  of  north. 
Left  edge  of  west  chimney  on  C.  P.  R.  depot,  14°  59'. 6  east  of  north. 
Left  edge  of  east  chimney  on  C.  P.  R.  depot,  17°  55'. 9  east  of  north. 

Wapello,  Sask. — The  station  is  northeast  of  the  town  near  the  northwest  corner 
of  the  Agricultural  grounds.  It  is  51  feet  south  of  the  north  fence,  and  156  feet 
east  of  the  west  fence.  The  point  is  marked  by  a  stake,  4  by  4  inches,  and  pro- 
jecting 4  inches  above  ground.  True  bearings  of  the  following  points  were  deter- 
mined : — 

North  gable  of  elevator  No.  158,  57°  10'.9  west  of  south. 
Top  of  pole  on  C.  P.  R.  water-tank  79°  58'.9  west  of  south. 
Bottom  of  spire  on  English  church,  87°  5'. 3  west  of  north. 
Tip  of  belfry  on  school  (R.  O.),  72°  20'.9  west  of  north. 

Broadview,  Sask. — The  station  is  a  relocation  of  the  Carnegie  Institution 
station  of  1906.  The  point  is  54  feet  southwest  from  the  southwest  corner  of  the 
main  part  of  the  Grenfell  Milling  Company's  implement  house,  and  61  feet  north- 
westerly from  the  southwest  corner  of  the  shed  at  rear  of  and  adjoining  the  building. 
True  bearings  of  the  following  points  were  determined: — 

Southwest  corner  of  stone  house  on  hill  (R.O.),  77°  16'. 9  west  of  north. 
Southwest  corner  of  west  abutment  of  C.  P.  R.  bridge,  33°  53'. 6  west  of 
north. 

Spire  on  Baptist  church,  35°  4'. 3  east  of  south. 

Wolseley,  Sask. — The  station  is  in  an  open  field  north  of  the  town,  being  40 
feet  east  of  a  fence  which  is  in  line  with  the  west  side  of  the  street  passing  the  town- 
hall.  It  is  west  of  and  in  line  with  the  south  side  of  a  white  cottage,  and  about 
520  feet  north  of  the  street  passing  along  the  north  side  of  the  court-house  grounds. 
True  bearings  of  the  following  points  were  determined : — 

Tip  of  spire  on  German  church,  76°  28'. 4  east  of  south. 
Bottom  of  pole  on  court-house,  9°  33'. 8  east  of  south. 
Bottom  of  pole  on  town-hall,  3  °  32'. 2  west  of  south. 
Tip  of  cross  on  Catholic  church  (R.O.),  63°  41'.4  west  of  south. 
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Indian  Head,  Sask. — The  station  is  on  the  Dominion  Experimental  Farm, 
being  about  650  feet  southeast  of  the  barns.  It  is  on  a  low-lying  field,  and  about 
50  feet  northwesterly  from  a  slough.  It  is  57  feet  east  of  a  row  of  trees  on  the  east 
side  of  a  lane  which  passes  to  the  east  of  the  barns,  42  feet  northwesterly  from  the 
middle  of  a  road  running  along  the  north  side  of  the  slough,  and  190  feet  north- 
easterly from  a  windmill.  A  stake,  2  by  2  inches,  and  2  inches  above  ground,  marks 
the  point. 

The  east  ventilator  of  a  barn,  south  of  the  C.  P.  R.  tracks,  bears  4°  56'. 6  west 
of  south. 


Balgonie,  Sask. — The  station  is  in  the  northeastern  part  of  the  town.  It  is 
in  line  with  the  south  side  and  119  feet  east  of  the  southeast  corner  of  the  Methodist 
church.  The  point  is  marked  by  a  stake,  2  inches  in  diameter  and  3  inches  above 
ground.    True  bearings  of  the  following  points  were  determined: — 

Tip  of  spire  on  English  church  (R.  O.),  48°  29 '.3  west  of  south. 

Bottom  of  pole  on  town-hall,  74°  30'. 2  west  of  south. 

South  gable  of  elevator  No.  77,  63°  33 '.6  west  of  north. 

Northwest  corner  of  lower  part  of  elevator  No.  11,  1°  49'. 9  west  of  north. 

Regina,  Sask. — The  station  is  about  one-quarter  mile  southwesterly  from  the 
Carnegie  Institution  station  of  1906.  It  is  on  the  south  side  of  the  city,  in  an 
open  field,  which  is  part  of  the  jail  property.  It  is  approximately  in  the  centre 
of  Osier  street  produced,  is  51  feet  south  of  the  south  side  of  16th  avenue,  and  300 
feet  east  of  the  east  side  of  Broad  street.  True  bearings  of  the  following  points 
were  determined: — 

Flag  pole  in  yard  south  of  jail,  44°  49'. 2  west  of  south. 
Top  of  cross  on  Catholic  church,  31  °  16'. 5  west  of  north. 
Top  of  cross  on  Roumanian  church,  19°  3'. 5  east  of  north. 
Northeast  corner  of  Regina  General  Hospital,  31°  O'.l  east  of  north. 
Southeast  corner  of  Regina  General  Hospital,  35°  22'.5  east  of  north. 

Pense,  Sask. — The  station  is  in  an  open  field,  about  470  feet  south  of  the  C.  P. 
R.  tracks.  It  is  in  line  with  the  east  side  of  the  main  part  of  elevator  No.  78, 
and  is  450  feet  south  of  the  south  side  of  the  shed  adjoining  the  elevator.  The  west 
chimney  of  the  C.  P.  R.  depot  appears  slightly  to  the  right  of  the  elevator,  and  the 
spire  of  the  English  church  appears  midway  between  the  chimney  and  north  end 
of  'Hardware'  store.    True  bearings  of  the  following  points  were  determined: — 

Southwest  corner  of  Springrice's  elevator,  34°  12 '.2  west  of  north. 

Spire  of  English  church  (R.  O.),  21  °  55'.0  west  of  north. 

South  gable  of  elevator  No.  78,  11°  9'.3  west  of  north. 

South  gable  of  Winnipeg  Elevator  Co's.  elevator,  11°  2'.0  east  of  north. 

Moosejaw,  Sask. — The  station  is  in  the  northern  part  of  the  city,  being  near 
the  southeast  corner  of  the  enclosure  comprising  the  Agricultural  grounds.  The 
point  is  108  feet  north  of  the  south  fence,  122  feet  west  of  the  east  fence  of  grounds, 
and  73  feet  southeast  of  the  fence  around  the  race-course.    The  point  is  marked  by 


7s 


DEPART  VEST  OF  THE  EXTERIOR 


3  GEORGE  V..  A.  I9U 

a  2  by  4-inch  stake,  which  projects  3  inches  above  ground.  True  bearings  of  the 
following  points  were  obtained: — 

Spire  on  English  church  at  corner  of  East  High  street  and  10th  avenue, 

10°  33'.2  west  of  south. 
Pole  on  Collegiate  Institute  (R.  0.),  53°  50'.4  west  of  south. 
Spire  on  dome  of  house  over  reservoir,  85°  7'. 4  west  of  south. 
Spire  on  dome  west  of  grandstand,  87°  51 '.0  west  of  north. 

Description  of  Magnetic  Stations  occupied  by  J.  W.  Menzies  in  1910. 

Napanee. — The  station  is  situated  on  the  circus  grounds  which  border  on  the 
third  street  southwest  from  the  G.  T.  R.  station.  The  grounds  are  owned  by  Sir 
Richard  Cartwright.  Transit  was  placed  162  feet  east  of  the  west  limit  of  the 
street  on  the  west  of  the  grounds  and  291  feet  north  of  the  north  limit  of  the  street 
bordering  the  circus  grounds  on  the  south.  The  transit  station  was  also  35.5 
feet  from  the  rear  lot  line  of  lots  facing  on  the  west  side  of  the  next  street  to  the 
east  and  55  feet  from  the  intersection  of  this  rear  lot  line  with  the  street  bounding 
the  grounds  on  the  north.  The  magnetometer  was  placed  10.3  feet  behind  the 
transit  and  on  line  with  the  reference  object  and  the  transit.  The  following  true 
bearings  were  obtained  from  the  transit  station: — 

Spire,  Western  Methodist  church,  40°  44 '.G  east  of  south. 
Spire,  Roman  Catholic  church,  (R.O.),  28°  54'.9  east  of  south. 
Flag  pole  on  High  school,  21°  33'.9  west  of  south. 

Belleville. — The  station  is  situated  in  West  Belleville  in  rear  of  a  lot  owned  by 
Mr.  Harris,  market  gardener.  The  station  was  294.5  feet  west  of  the  west  side  of 
the  road  allowance  in  front  of  Mr.  Harris'  lot.  The  Agricultural  grounds  are  in  a 
southerly  direction  along  this  road.  It  is  also  51  feet  from  the  south  limit  of  the 
road  allowance  on  the  south  of  Mr.  Harris'  lot  and  55  feet  from  a  line  fence  running 
north  from  this  limit,  the  road  allowance  ending  at  this  fence.  Mr.  Harris'  lot 
does  not  extend  back  to  this  line  fence.  The  following  true  bearings  were  obtained 
from  the  transit  station; — 

Spire  on  church  (in  Belleville),  80°41'.7  east  of  north. 

Largest  spire  on  tower,  which  has  3  smaller  ones,  82°08'.9  east  of  south. 
Spire,  Western  Methodist  church  (R.O.),  75°46'.3  east  of  south. 

A  large  grove  of  pine  trees  is  situated  in  the  field  south  of  the  station. 

Brighton. — The  station  is  situated  in  a  field  on  the  west  side  of  the  town,  the 
field  belonging  to  Mr.  Nesbitt.  This  field  is  in  the  second  block  west  of  Station 
street,  and  is  the  second  field  north  of  the  C.  N.  R.  tracks.  The  transit  was  placed 
128.5  feet  west  of  the  west  side  of  the  first  street  west  of  Station  street  and  118  feet 
north  of  the  line  fence  on  the  south  of  this  field.  A  large  elm  tree  stands  in  the 
northeast  corner  of  this  field.  The  magnetometer  was  placed  12.3  feet  behind  the 
transit  and  on  line  with  the  transit  and  the  reference  object.  The  following  true 
bearings  were  determined  from  the  transit  station: — 

Spire  of  St.  Andrews  church  (R.  O.),  42°51'.8  east  of  north. 
Cross  on  Roman  Catholic  church,  78°  54'. 5  east  of  north. 
Ornament  on  centre  of  Nesbitt's  barn,  67°  05'.2  west  of  north. 
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Peterborough. — The  station  is  on  a  plot  of  ground  in  rear  of  a  lot  owned  by 
Mr.  Rogers,  a  veterinary  surgeon.  Mr.  Rogers'  lot  is  on  the  south  side  of  Charlotte 
street  about  one  mile  west  of  the  G.  T.  R.  tracks.  Lot  on  which  station  is  placed 
faces  on  a  private  lane  running  south  from  Charlotte  street.  The  transit  was  123  feet 
west  from  the  west  side  of  this  lane  and  52  feet  north  of  the  line  fence  bounding  this 
lot  on  the  south.  It  was  also  91  feet  and  91.5  feet  respectively  from  the  southwest 
and  southeast  corners  of  Mr.  Rogers'  carriage  shed.  The  magnetometer  was  placed 
11.2  feet  behind  the  transit  and  on  line  with  the  transit  and  reference  object.  A 
large  grove  of  pine  trees  was  just  west  of  the  station.  The  following  true  bearings 
were  determined  from  the  transit  station: — 

Pole  on  stone  tower,  65°  34'. 7  east  of  north. 

Top  of  belfry  on  town-hall  (R.  0.),  74°  59'.7  east  of  north. 

Top  of  Rogers'  house,  33°  47 '.0  west  of  north. 

Newcastle. — The  station  is  situated  in  a  field  north  of  the  G.  T.  R.  tracks  and 
in  the  second  block  west  of  the  street  running  under  the  tracks.  The  field  is  owned 
by  Mr.  Montague.  A  creek,  dry  at  times,  runs  lengthwise  of  the  lot.  The  transit 
was  placed  144  feet  west  of  the  westerly  limit  of  the  first  street  west  of  the  above- 
mentioned  street,  and  58.5  feet  from  the  fence  on  the  northerly  boundary.  It  is 
also  83  feet  and  64  feet  respectively  from  the  furthest  easterly  and  westerly  of  five 
small  trees  along  the  north  side  of  the  creek.  The  magnetometer  was  placed  10.4 
feet  behind  the  transit  and  on  line  with  transit  and  reference  object.  The  following 
true  bearings  were  determined  from  the  transit  station: — 

English  church  spire,  2°  51 '.7  east  of  north. 

Pole  on  school  belfry,  50°  21 '.7  east  of  north. 

Spire  on  Methodist  church  (R.  0.),  5°  20'. 6  west  of  north. 

Kinmount. — The  station  is  in  a  field,  belonging  to  Mr.  Craige,  which  is  on  the 
north  side  of  the  road  in  front  of  Mr.  Craige's  house  and  is  also  about  500  feet  east 
of  said  house.  The  station  is  on  the  south  side  of  a  rocky  hill,  and  transit  was  placed 
266  feet  from  the  easterly  side  of  the  only  gate  on  the  south  side  of  the  road  and 
239  feet  from  the  intersection  of  the  road  fences  at  the  fork  of  the  roads.  An  aban- 
doned iron  mine  is  on  the  northerly  slope  of  the  hill.  The  magnetometer  was  placed 
8.5  feet  behind  the  transit  and  on  line  with  transit  and  reference  object.  The  fol- 
lowing true  bearings  were  determined  from  the  transit  station : — - 
Flag  pole  on  grandstand,  41°  42'. 2  east  of  north. 

South  side  of  chimney  on  house  at  foot  of  road,  71°  15'. 1  east  of  north. 
Cross  on  Roman  Catholic  church,  17°  33'. 3  west  of  south. 
Pole  on  public  school  belfry  (R.  O.),  55°  54. '7  west  of  south. 

Lindsay. — The  station  is  situated  in  the  same  field  as  the  waterworks  pump- 
house,  the  pump-house  being  on  the  southerly  limits  of  the  town  and  on  the  west 
bank  of  the  river  flowing  through  the  town.  The  remaining  part  of  the  field  belongs 
to  the  Roman  Catholic  parish.  The  transit  was  placed  154  feet  from  the  south  side 
of  the  road  alongside  the  pump-house,  and  22  feet  from  the  fence  on  the  westerly 
boundary  of  said  field,  and  is  also  8  feet  to  the  west  of  the  easterly  side  of  street  run- 
ning into  the  field.  The  magnetometer  was  placed  12.4  feet  behind  transit  and  on 
line  with  transit  and  reference  object.  The  following  true  bearings  were  deter- 
mined from  the  transit  station: — - 

Middle  of  iron  smoke-stack,  29°  07'. 9  east  of  north. 

East  corner  of  pump-house  chimney  (at  top),  60°  30'. 7  east  of  north. 

Cross  on  Roman  Catholic  church  (R.  O.),  9°  51'.0  west  of  north. 
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Pickering. — The  station  is  situated  in  the  second  field  north  of  the  G.  T.  R. 
tracks,  and  on  west  side  of  the  road  leading  to  the  grist-mill.  This  field  is  used 
as  a  pasture,  hut  the  southeast  corner  of  the  field  is  fenced  off  and  cultivated. 
The  cemetery  is  just  across  the  road  from  the  cultivated  portion.  The  transit 
was  placed  128  feet  from  the  westerly  side  of  above-mentioned  road  and  34  feet  from 
the  northerly  boundary  of  cultivated  portion,  and  is  also  130  feet  in  a  southerly 
direction  from  a  large  elm  tree.  The. magnetometer  was  placed  11.4  feet  behind 
transit  and  in  line  with  transit  and  reference  object.  The  following  true  bearings 
were  obtained  from  the  transit  station: — 

Ornament  on  town-hall  tower,  22°  23'. 1  east  of  north. 

Cross  on  Roman  Catholic  church  (R.  0.),  39°  21'.8  east  of  north. 

Flag  pole  on  grist-mill,  13°  30'.7  west  of  north. 

Niagara  Falls  (Stamford). — The  station  is  situated  in  a  large  open  field  be- 
longing to  Mr.  Emmet,  on  the  south  side  of  the  road  leading  westwards  at  the  fork 
of  the  main  road  at  Stamford  Green.  The  station  is  about  one-quarter  of  a  mile 
westerly  along  this  road  and  is  on  a  clear  patch  between  a  grapery  and  a  raspberry 
patch.  The  transit  was  placed  55  feet  from  the  west  side  of  the  berry  patch  and 
116  feet  from  the  east  side  of  the  grapery  and  63  feet  from  the  southerly  side  of  the 
road  allowance.  The  Niagara,  St.  Catharine  and  Toronto  Electric  Ry.  is  distant 
about  If  miles  in  a  southerly  direction.  The  magnetometer  was  placed  11.2  feet 
behind  the  transit  and  on  line  with  the  transit  and  reference  object.  The  following 
true  bearings  were  determined  from  the  transit  station: — 

North  gable  of  house  on  main  road,  75°  53 '.5  east  of  south. 
Pole  on  school-house  tower  (R.  O.),  34°  23'. 1  east  of  south. 
'Windmill  on  Mr.  Emmet's  barn,  13°  01 '.1  west  of  south. 

Beaverton. — The  station  is  situated  in  a  large  open  field  at  the  end  of  the  road 
leading  from  the  G.  T.  R.  tracks  on  the  east  side  of  the  G.  T.  R.  station.  The  field 
is  used  as  a  pasture  and  is  full  of  small  hummocks,  the  ground  being  generally  of 
marshy  nature.  Mr.  Trelevan  is  the  owner  of  the  field.  The  transit  was  placed 
129  feet  from  the  south  side  of  the  road  running  westerly  along  the  southerly  bound- 
ary of  the  field,  and  28.5  feet  from  the  westerly  boundary  fence  of  the  field.  The 
above-mentioned  boundary  road  ends  at  this  line  fence.  The  magnetometer  was 
placed  2  feet  behind  transit  and  on  line  with  transit  and  reference  object.  The 
following  true  bearings  were  determined  from  the  transit  station: — 

Spire  on  Roman  Catholic  church,  3°  55'. 6  east  of  south. 

Spire  on  St.  Andrews  (Presbyterian)  church  (R.  CT),  7 9  39'. 4  west  of  south. 

Pole  on  water-tank,  58°  41'.4  west  of  south. 

Port  Colborne. — The  station  is  situated  in  a  field  on  the  south  side  of  the  G. 
T.  R.  tracks.  The  field  is  on  the  east  side  of  the  fourth  street  from  the  station 
running  in  a  southerly  direction.  The  station  was  about  1,000  feet  from  the  tracks. 
The  transit  was  placed  52  feet  from  the  easterly  limit  of  the  street  and  37  feet  from 
the  northerly  limit  of  the  third  street  south  of  the  tracks.  It  was  also  355  feet  from 
the  southerly  limit  of  the  second  street  south  of  the  tracks.  An  oil  well  is  situated 
in  the  next  block  to  the  west.    The  following  true  bearings  were  determined: — 

Round  iron  smoke-stack,  28°  51 '.8  west  of  south. 

Top  of  lighthouse  tower  (R.  O.),  43°  OO'.O  west  of  south. 

Storm  signal  post,  88°  42'. 3  west  of  south. 
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Orillia. — The  station  is  situated  in  a  large  marshy  field  at  the  end  of  the  first 
street  south  of  Watson's  brickyards,  which  street  runs  westerly  from  the  street 
crossing  the  G.  T.  R.  tracks  west  of  the  station.  The  clay  pits  of  the  brickyard 
are  in  this  field.  The  transit  was  placed  89.5  feet  from  the  westerly  boundary 
of  the  last  lot  facing  on  first  street  mentioned  above,  and  104  feet  from  the  inter- 
section of  this  lot  line  with  southerly  street  line,  and  was  also  69  feet  from  the  end 
of  the  southerly  street  line  fence.  A  small  sand  pit  is  about  150  feet  to  southwest. 
The  magnetometer  was  placed  14.2  feet  behind  the  transit  and  on  line  with  transit 
and  reference  object.  The  following  true  bearings  were  determined  from  the  transit 
station : — 

Easterly  tower  on  Orillia  asylum,  22°  22'. 5  west  of  south. 
Southerly  tower  on  town-hall,  55°  58'. 3  west  of  north. 

Spire  of  Anglican  church  [largest  in  sight]  (R.O.),  39°  18'. 5  west  of  north. 

Beamsville. — The  station  is  situated  in  the  second  field  north  from  the  G.  T.  R. 
tracks.  The  field  is  not  cultivated,  but  is  dotted  with  scrubby  trees  and  has  a 
grove  of  trees  in  the  northern  part.  The  field  which  is  on  the  west  side  of  the  road 
leading  to  the  lake  is  owned  by  Rev.  Mr.  Trueaxe.  The  transit  was  placed  26  feet 
from  the  westerly  boundary  fence  and  83  feet  from  the  southerly  boundary  fence  of 
above  field .  Surrounding  fences  were  of  the  irregular,  rail  variety  and  measurements 
were  taken  to  the  inside  fence  line.  The  magnetometer  was  placed  1 1  feet  behind  the 
transit  and  on  line  with  the  transit  and  reference  object.  The  following  true 
bearings  were  determined  from  the  transit  station: — 

Church  spire,  visible  just  over  G.  T.  R.  freight-shed  (R.  0.),  1  °  09'.4  west  of 
south. 

Factory  chimney  (middle),  88°  44 '.7  west  of  south. 

Barrie. — The  station  is  situated  in  the  northwestern  portion  of  the  town,  in 
a  field  belonging  to  Mr.  Hickey,  and  just  west  of  the  field  in  which  Mr.  Hickey's 
house  stands.  The  transit  was  placed  86.5  feet  from  the  northerly  limit  of  the  street 
marking  the  southerly  boundary  of  the  field,  and  58  feet  from  the  westerly  limit  of 
street  marking  the  easterly  boundary.  The  magnetometer  was  placed  10.8  feet 
behind  the  transit  and  on  line  with  transit  and  reference  object.  The  following  true 
bearings  were  determined  from  the  transit  station: — 

Cross  on  separate  school,  52°  19'. 0  west  of  south. 

Cross  on  Roman  Catholic  church  (R.  ().),  62°  00'. 2  west  of  south. 

North  side  of  water-tower,  76°  36'. 5  west  of  south. 

Brampton. — The  station  is  situated  in  a  pasture  field  at  the  end  of  Nelson  street. 
The  field  is  owned  by  Mr.  Ackroyd.  The  station  is  on  line  with  the  westerly  side 
of  Nelson  street  produced,  and  is  248  feet  from  the  intersection  of  this  line  with  the 
northerly  limit  of  West  street.  Reference  object  was  spire  of  Grace  Methodist 
church. 

Azimuth  of  R.  O.,  22°52'  east  of  north. 

Cayuga. — The  station  is  situated  in  the  third  field  south  of  the  G.  T.  R.  tracks 
and  on  the  east  side  of  the  road  leading  to  the  town.  A  group  of  elm  trees  is 
situated  in  the  southeast  part  of  the  field.  The  transit  was  placed  31.5  feet  from 
the  northerly  boundary  fence  of  said  field  and  53  feet  from  the  easterly  limit  of 
road  leading  to  the  town.  The  field  is  about  800  feet  from  the  track.  The  magnet- 
ometer was  placed  10.3  feet  behind  the  transit  and  on  line  with  the  transit  and 
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reference  object.  The  following  true  bearings  were  determined  from  the  transit 
station. 

Pole  on  water-tank  (R.  0.)>  45°  05'.9  east  of  north. 

Lightning  conductor  on  northwest  gable  of  house  across  the  road,  81°08'.3 
west  of  north. 

Hamilton. — The  station  is  situated  in  the  second  field  west  of  the  road  leading 
from  the  Incline  railway  and  fronting  on  the  Chedokee  road.  A  grove  of  trees  lies 
just  over  the  south  boundary  of  this  field.  The  transit  was  placed  79  feet  from  the 
east  boundary  fence  of  said  field  and  99  feet  from  the  south  boundary  fence.  The 
magnetometer  was  placed  11  feet  behind  the  transit  and  on  line  with  the  transit  and 
the  reference  object.  The  following  true  bearings  were  obtained  from  transit  sta- 
tion:— 

Flag  pole  of  tower  on  a  house,  07°  04'. 7  east  of  north. 
Top  of  tower  on  school-house,  87°  06'. 0  east  of  north. 
Flag  pole  on  concert  hall  on  main  road  (R.  O.),  39°  27'. 6  west  of  north. 

Penetanguishene. — The  station  is  situated  in  a  field  lying  on  the  east  side  of  the 
fourth  parallel  street  east  from  the  G.  T.  R.  depot.  The  field  lies  immediately  behind 
Mr.  Gendron's  lot,  which  fronts  on  the  first  street  from  the  depot  running  eastward 
off  Main  street.  The  transit  was  placed  114  feet  north  from  the  southerly  boundary 
and  184  feet  from  the  easterly  limit  of  the  above  first -mentioned  street.  It  is  also 
34  feet  and  32  feet  respectively  from  two  apple  trees,  one  about  north  and  one  about 
northwest  from  the  transit.    The  following  true  bearings  were  determined: — 

West  end  of  cross  on  Catholic  church  (R.  O.),  30°  38'.  1  west  of  south. 
Top  of  small  tower  on  school  hill,  35°  04'. 1  west  of  south. 

Orangeville. — The  station  is  situated  in  the  third  field  east  from  the  C.  P.  R. 
tracks  and  fronting  on  the  south  side  of  Chisholm  street.  Mr.  Augustine,  who  owns 
the  field,  lives  just  east  of  it.  The  transit  was  placed  181  feet  from  the  southerly 
limit  of  Chisholm  street  and  64.5  feet  from  the  westerly  boundary  of  said  field. 
The  magnetometer  was  placed  10.8  feet  behind  the  transit  and  in  line  with  transit 
and  reference  object.  The  following  true  bearings  were  determined  from  the  transit 
station: — 

Top  of  windmill  on  hill,  60°  46 '.8  east  of  north. 

West  side  of  chimney  on  cement  mills,  35°  29'. 3  west  of  south. 

Spire  on  church  in  Orangeville  (R.  O.),  49°  09 '.9  west  of  north. 

Guelph. — The  station  is  situated  in  a  pasture  field  in  the  northern  limits  of  the 
town.  The  field  fronts  on  the  east  side  of  Lemon  street,  and  is  on  the  south  side  of 
the  first  road  north  of  and  parallel  to  Stewart  street.  The  magnetometer  was 
placed  222  feet  east  of  the  easterly  limit  of  Lemon  street  and  68  feet  south  of  the 
southerly  limit  of  above-mentioned  road,  and  is  also  508  feet  from  the  northerly 
limit  of  Stewart  street.  The  transit  was  placed  1 1  feet  in  front  of  the  magnetometer 
and  on  line  with  magnetometer  and  reference  object.  The  following  true  bearings 
were  obtained  from  the  transit  station: — 

Flag  pole  on  General  Hospital  (R.  O.),  80°  18'.5  west  of  north. 
Eastern  gable  on  Macdonald's  barn,  4°  33'.3  west  of  north. 
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Brantford. — The  station  is  situated  in  the  rear  of  a  field  owned  by  Mr.  Hull, 
whose  house  is  at  the  southwest  corner  of  Market  street  and  Grandview  avenue. 
The  station  was  27  feet  at  right  angles  from  the  south  limit  of  Grandview  avenue 
and  85  feet  from  the  westerly  boundary  fence.  The  station  is  on  a  hill  overlooking 
the  town  to  the  south.    The  following  true  bearings  were  determined: — 

Spire  of  Congregational   church    (right-hand  spire),  1°  34'. 7  west  of 
south. 

Tower,  market-hall,  4°  07'. 9  west  of  south. 
Pole  on  belfry,  11°41'.0  west  of  south. 

Simcoe. — The  station  is  situated  in  a  field  fronting  on  the  south  side  of  the  first 
street,  running  east  and  west,  north  of  the  grist-mill  on  Norfolk  street.  The  field 
contains  some  sand  pits  which  are  on  the  east  side  of  Norfolk  street.  The  station 
was  25.8  feet  from  the  boundary  fence  on  the  east  and  40  feet  from  the  south 
limit  of  the  above-mentioned  street.  The  station  was  on  the  hill  above  the  sand 
pits.    The  following  true  bearings  were  determined: — 

Ornament  on  grist-mill,  57°09'.4  west  of  south. 

Ornament  on  station  tower  (R.  0.),  49°  33'.3  west  of  north. 

Pole  on  barn  just  visible  over  a  clump  of  trees,  14°  49'. 4  west  of  north. 

The  first  street  mentioned  above  ends  at  easterly  boundary  fence  of  the 
field. 

Port  Rowan. — The  station  is  situated  in  the  southerly  part  of  the  field  south 
of  the  brick-yards  at  the  G.  T.  R.  tracks.  The  transit  was  placed  234  feet  from  the 
east  side  of  street  bordering  this  field  on  the  west,  and  17  feet  north  from  the  north 
street  line  produced,  of  the  street  which  runs  westward  from  the  Free  Methodist 
church.  The  magnetometer  was  placed  11.3  feet  behind  transit  and  on  line  with 
transit  and  reference  object.  The  following  true  bearings  were  determined  from 
the  transit  station: — 

Tower  on  Free  Methodist  church,  48°  01 '.9  west  of  south. 
Windmill  on  barn  (R.  0.),  48°49'.8  west  of  north. 

Berlin. — The  station  is  about  1^  miles  west  of  the  town  on  the  north  side  of 
the  St.  Petersburg  road,  and  is  situated  in  a  field  belonging  to  Mr.  J.  Shafer.  The 
above  field  is  the  first  field  west  of  the  field  in  front  of  Mr.  Shafer's  house.  The 
transit  was  placed  126  feet  from  the  northerly  limit  of  the  road,  and  104  feet  from  the 
easterly  boundary  fence  of  said  field.  The  magnetometer  was  placed  13  feet  behind 
transit  and  on  line  with  reference  object  and  transit.  The  following  true  bearings 
were  determined  from  the  transit  station: — - 

North  side  of  large  water-tower,  15°  35 '.8  east  of  north. 
Church  spire  in  Berlin,  59°  30 '.2  east  of  north. 

Bottom  of  lightning  rod  on  Shafer's  barn  (R.  O.),  64°  11 '.2  east  of  south. 

Flesherton. — The  station  is  situated  in  a  field  belonging  to  Mr.  Gullinson  and 
is'at  the  northwest  corner  of  the  intersection  of  the  first  cross-road  eastwards  from 
the  C.  P.  R.  on  the  road  to  Flesherton.  The  transit  was  placed  24.5  feet  from 
westerly  boundary  fence  and  117  feet  from  the  southerly  boundary  fence.  The 
above-mentioned  road  forms  the  southerly  boundary  for  about  one-half  the  length 
of  the  field.    The  magnetometer  was  placed  11  feet  behind  transit  and  on  line  with 
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reference  object  and  transit.  The  following  true  bearings  were  determined  at 
transit  station: — 

Belfry  pole  on  school  (R.  0.),  32°  30'  east  of  south. 
North  gable  of  grain  elevator,  18°  48'.3  west  of  south. 
Church  spire,  Flesherton,  49°  12'. 5  east  of  north. 

Woodstock. — The  station  is  situated  in  a  small  pasture  field  belonging  to  Mr. 
Hart.  This  field  is  on  the  south  side  of  a  short  street  running  easterly  from  the 
street  bounding  Woodstock  College  grounds  on  the  east,  and  adjoins  Mr.  Hart's 
house  and  lot  at  the  intersection  of  the  above-mentioned  streets.  The  transit  was 
placed  51.5  feet  from  the  westerly  boundary  fence  and  75  feet  from  the  southerly 
limit  of  above-mentioned  short  street.  The  magnetometer  was  placed  13.8  feet  be- 
hind transit  and  on  line  with  transit  and  reference  object.  The  following  true 
bearings  were  determined  from  the  transit  station: — ■ 

Top  of  Hydro-electric  tower,  10°  13'. 0  west  of  south. 

Top  of  tower  Woodstock  college  [one  on  which  are  the  wind  gauges]  (R.  0.), 

77°  26'.3  west  of  south. 
Smoke-stack  on  grist-mill,  41°  30'. 9  west  of  north. 

Mount  Forest. — The  station  is  situated  in  a  small  field  belonging  to  Mr.  Duke, 
about  one-quarter  of  a  mile  west  of  the  G.  T.  R.  tracks  on  the  main  road.  A  short 
road  runs  into  the  main  road  from  the  north  at  this  point  at  an  angle,  making  the 
field  triangular  in  shape.  This  field  adjoins  the  field  on  which  Mr.  Duke's  house 
is  placed.  The  transit  was  placed  178  feet  from  the  easterly  boundary  fence  and 
65  feet  at  right  angles  from  the  easterly  limit  of  the  short  road.  A  large  maple  tree 
stands  on  the  northerly  part  of  the  field.  The  magnetometer  was  placed  11.4  feet 
behind  transit  and  on  line  with  transit  and  reference  object.  The  following  true 
bearings  were  determined  from  the  transit  station: — 

Spire  of  Methodist  church  [left  hand  spirej"  (RrJ0i),  75°01'.l  east  of  north. 
Church  spire,  Mount  Forest,  82°  42 '.4  east  of  north. 
Top  of  station  tower,  87°  21 '.1  east  of  north.  " 

Port  BurueU.— The  station  is  situated  in  a  field  on  the  north  side  of  Pitt  street 
and  adjoining  the  English  church  on  the  east  side.  A  creek  runs  across  the  easterly 
part  of  the  field.  The  station  was  49  feet  from  the  westerly  boundary  fence  and  135 
feet  from  the  northerly  limit  of  Pitt  street.  The  following  true  bearings  were 
determined : — ■ 

Southeast  corner  of  Baptist  church  tower,  54°  23'.2  east  of  north. 
Tower,  English  church,  73°  48'. 3  west  of  south. 
Belfry  on  school-house  (R.O.),  10°  31'. 4  west  of  north. 

Owen  Sound. — The  station  is  situated  in  the  Agricultural  grounds  on  top  of  hill 
in  the  easterly  section  of  the  town.  The  transit  was  placed  202.5  feet  from  the 
northeast  corner  of  north  wing  and  235  feet  from  the  southeast  corner  of  south 
wing  of  the  main  building;  also  97.2  feet  from  northwest  corner  of  the  grandstand. 
Magnetometer  was  placed  13.3  feet  behind  transit  and  on  line  with  transit  and 
reference  object.  The  following  true  bearings  were  determined  from  the  transit 
station : — 

Spire  on  Roman  Catholic  church  (R.  O.),  12°  21 '.0  east  of  north. 
Flag  pole  on  Strathcona  school,  81°  19'. 3  west  of  north. 
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Stratford. — The  station  is  situated  in  Queens  park,  near  the  Avon  river.  The 
station  was  230  feet  east  of  the  east  side  of  the  Normal  school  and  580  feet  north  of 
the  north  side  of  the  school.  It  was  also  198  feet  from  the  westerly  tree  of  a  clump 
of  three  trees  on  the  river  bank  and  171  feet  from  the  easterly  tree.  The  following 
true  bearings  were  determined: — 

Flag  pole  on  Normal  school,  23°  02 '.4  west  of  south. 

Spire,  Knox  Presbyterian  church  (R.  0.),  67°  05'.4  west  of  south. 

Top  of  house  with  peculiar  mushroom  top,  6-4°  23 '.1  west  of  north. 

Port  Stanley. — The  station  is  situated  in  a  small  pasture  field  belonging  to 
Mr.  Mitchell,  on  the  road  leading  westerly  from  the  town  and  about  one-half  mile 
distant.  This  field  is  between  Fraser  Heights  and  the  road,  and  is  the  second 
field  west  of  the  second  road  leading  up  to  Fraser  Heights.  There  is  a  line  of 
apple  trees  along  the  boundary  fence  at  the  road.  The  transit  was  placed  121.5 
feet  from  the  westerly  boundary  fence  and  103.3  feet  from  the  southerly  limit  of 
the  road.  The  magnetometer  was  placed  8.4  feet  behind  the  transit  and  on  line 
with  transit  and  reference  object.  The  following  true  bearings  were  determined 
from  the  transit  station: — ■ 

Small  church  spire,  pyramid  in  form  (R.  O.),  55°  52'. 7  east  of  north. 
Flag  pole  on  hotel  on  Fraser  Heights,  47°  18'. 3  east  of  south. 
South  gable  of  red  brick  house,  5°  26'.4  west  of  north. 

London — The  station  is  situated  in  a  field  belonging  to  Mr.  D.  Barclay  and  is 
on  the  north  side  of  the  road  leading  westerly  from  the  G.  T.  R.  station.  This 
field  adjoins,  on  the  east  side,  the  field  in  which  Mr.  T.  Lewis'  house  is  situated. 
The  magnetometer  was  placed  49  feet  from  the  westerly  boundary  fence  and  26  feet 
from  the  northerly  limit  of  the  road.  The  following  true  bearings  were  determined 
from  the  transit  station  which  was  81  feet  in  a  northeasterly  direction  from  the  mag- 
netometer station: — 

Middle  of  three  lightning  roads  on  red  barn  north  of  tracks  (R.  O.),  24°  43'.4 

east  of  north. 
South  gable  of  barn,  46°  30'. 4  east  of  north. 

Wingham — The  station  is  situated  in  a  small  field  at  the  northeast  corner  of 
the  intersection  of  St.  Patrick  street  and  Carling  avenue.  The  transit  was  placed 
78  feet  from  the  northerly  limit  of  St.  Patrick  street,  and  62.5  feet  from  the  easterly 
limit  of  Carling  avenue.  The  magnetometer  was  placed  15  feet  behind  the  transit 
and  on  line  with  transit  and  reference  object.  The  following  true  bearings  were 
determined  from  the  transit  station: — ■ 

Top  of  G.  T.  R.  semaphore,  45°  41 '.3  east  of  north. 
East  side  of  water-tower,  24°  04 '.8  west  of  south. 

Lightning  rod  on  south  end  of  red  barn  north  of  tracks  (R.  O.),  11°  17'.2 
,    west  of  north. 

Lucan. — The  station  is  situated  in  a  field  west  of  the  G.  T.  R.  station  and  south 
of  the  tracks.  The  field,  which  belongs  to  Mr.  J.  Babb,  adjoins  on  the  west  side 
the  field  in  which  Mr.  Babb's  house  is  placed.  The  transit  was  placed  43  feet  north 
of  the  southerly  boundary  fence  and  363  feet  west  of  the  easterly  boundary  fence. 
The  magnetometer  was  placed  10  feet  behind  the  transit  and  on  line  with  transit  and 


86 


DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1»U 

reference  object.  The  following  true  bearings  were  determined  from  the  transit 
station : — 

North  side  chimney  on  grist-mill,  51°  53'. 1  east  of  north. 

Windmill,  67°10'.4  east  of  north. 

Tower  on  High  school  (R.  O.),  3°  39M  west  of  north. 

Kincardine. — The  station  is  situated  in  a  field  across  the  road  from  the  High 
school  in  a  southerly  direction  and  bordering  the  Penetangore  on  the  west  side. 
The  field  is  owned  by  Miss  McCaskey.  The  transit  was  placed  170.5  feet  from  the 
southerly  limit  of  the  road  and  38  feet  from  the  easterly  boundary  fence.  The 
magnetometer  was  placed  13  feet  behind  the  transit  and  on  line  with  transit  and 
reference  object.  The  following  true  bearings  were  determined  from  the  transit 
station: — 

Ornament  on  western  gable  of  Methodist  church  (R.  0.),  73°24'.l  west  of 
south. 

Flag  pole  on  post-office,  89°  54'. 6  west  of  south. 
Spire,  Presbyterian  church,  47°  46'. 9  west  of  north. 

Rodney. — The  station  is  situated  in  a  small  pasture  field  on  the  south  side  of 
Harper  street.  This  field  is  owned  by  Mr.  Hugo  and  is  the  second  field  west  of 
the  first  street  intersection  on  Harper  street  west  of  Furnivale  street.  Mr.  Hugo's 
house  is  on  the  southeast  corner  of  this  intersection.  The  station  was  131  feet 
from  the  westerly  boundary  fence,  and  56  feet  from  the  southerly  limit  of  Harper 
street.    The  following  true  bearings  were  determined: — 

Smoke-stack  on  planing  mill,  2°  59'. 7  east  of  north. 

Spire  on  Presbyterian  church  (R.  O.),  43°  23'.6  east  of  north. 

Smoke-stack  on  box  factory,  75°  13'.  1  east  of  south. 

Goderich. — The  station  is  situated  on  the  commons  bordering  on  the  G.  T.  R. 
tracks  and  opposite  to  McEwan's  wood-yard.  The  station  was  524  feet  from  the 
northerly  limit  of  the  street  and  209  feet  from  the  fence  bordering  the  commons 
on  the  east.  This  last  measurement  was  taken  on  a  line  parallel  to  the  road.  The 
following  true  bearings  were  determined: — 

Top  of  station  tower  (R.  O.),  14°43'.9  east  of  south. 
Church  spire,  Goderich,  77°  01 '.1  west  of  south. 

Forest.- — The  station  is  situated  in  the  Agricultural  grounds  on  Argyle  street. 
The  station  was  87  feet  from  the  southerly  boundary  fence  of  grounds  and  107  feet 
from  the  westerly  boundary  fence.    The  following  true  bearings  were  determined: — 

Spire,  Roman  Catholic  church  69°15'.2  east  of  north. 
Spire,  Presbyterian  church  (R.  O.),  88°48'.9  east  of  north. 
Tower  on  High  school,  46°  04 '.2  east  of  south. 

Chatham—  The  station  is  situated  in  a  field  fronting  on  the  north  side  of  the 
first  road  south  of  Queen  street,  and  running  parallel  with  it.  The  field  is  opposite 
the  Agricultural  grounds  on  Queen  street  and  is  owned  by  Mr.  Hoff.  The  transit 
was  placed  46.8  feet  from  the  easterly  boundary  fence  and  137.3  feet  from  the  north- 
erly limit  of  the  above-mentioned  road.    The  magnetometer  was  placed  10.8  feet 
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behind  the  transit  and  on  line  with  transit  and  reference  object.  The  following- 
true  bearings  were  determined  from  the  transit  station: — 

Flag  pole  on  main  building  of  Agricultural  grounds  (R.  0.),  30°55'.6  east  of 
north. 

Church  spire  (only  one  to  be  seen),  13°05'.4  west  of  north. 
Top  of  G.  T.  R.  water-tank,  32°11'.4  west  of  north. 

Sarnia. — The  station  is  in  a  field  on  the  east  side  of  Telford  street  and  south  of 
Russell  street.  The  field  adjoins,  on  the  north  side,  a  lot  containing  a  house  and 
orchard.  The  field  is  owned  by  Mr.  Shannon  and  is  south  of  his  house  which  fronts 
on  Wellington  street.  The  transit  was  placed  57  feet  from  the  southerly  boundary 
fence  and  190.5  feet  from  the  easterly  limit  of  Telford  street.  The  magnetometer 
was  10.5  feet  behind  the  transit  and  on  line  with  transit  and  reference  object. 
The  following  bearings  were  observed  from  the  transit  station : — ■ 

School  tower  (Russell  street),  24°49'.2  west  of  south. 

Flag  pole  on  post-office,  77°50'.8  west  of  north. 

Spire,  St.  Andrews  church  (R.  O.),  54°28'.2  west  of  north. 

Port  Lambton. — The  station  is  situated  in  rear  of  a  large  cultivated  field  east 
of  the  Pere  Marquette  railway.  This  field  belongs  to  Mr.  McDonald  and  adjoins, 
on  the  north  side,  his  large  pasture  field.  The  field  is  also  about  1,000  feet  north 
of  the  road  leading  east  from  the  railway  station.  The  transit  was  placed  87.5 
feet  from  the  easterly  boundary  fence  and  72.5  feet  from  the  southerly  boundary 
fence.  The  magnetometer  was  10  feet  behind  the  transit  and  in  line  with  transit 
and  reference  object.  The  following  true  bearings  were  determined  from  the 
transit  station: — 

South  end  of  the  only  barn  to  be  seen  in  this  direction,  35°47'.0  east  of  north. 

North  end  of  red  barn,  48°11'.3  west  of  south. 

Flag  pole  on  the  'Ohio'  cottage  (R.  O.),  48°08'.9  west  of  north. 

Belle  River.- — The  station  is  situated  in  a  field  about  one-quarter  mile  east  of  the 
town  and  on  the  north  side  of  Main  street  produced.  The  field  is  owned  by  Mr. 
Dube  and  adjoins,  on  the  east  side,  a  field  containing  a  house  and  a  large  vegetable 
patch.  The  transit  was  placed  238  feet  from  the  easterly  boundary  fence  and  246 
feet  from  the  northerly  limit  of  road.  The  magnetometer  was  11.3  feet  behind  the 
transit  and  on  line  with  transit  and  reference  object.  The  following  true  bearings 
were  determined  from  the  transit  station: — 

Spire,  Roman  Catholic  church  (R.  O.),  75°49'.l  west  of  south. 

Tower  on  school-house,  85°10'.5  west  of  south. 

Smoke-stack  on  cannery,  76°10'.5  west  of  north. 

Kingsville. — The  station  is  situated  in  a  field  on  the  west  side  of  a  private  lane 
which  turns  off  the  Main  street,  produced,  at  Mr.  C.  McDonald's  house.  This 
field  is  the  second  field  from  the  main  road  and  belongs  to  Mr.  C.  McDonald.  The 
transit  was  placed  204.6  feet  from  the  northerly  boundary  fence  and  149  feet  from 
the  westerly  limit  of  private  lane.  The  magnetometer  was  9.3  feet  behind  the 
transit  and  on  line  with  transit  and  reference  object.  The  following  true  bearings 
were  determined  from  the  transit  station: — ■ 

Spire,  Roman  Catholic  church  (R.  O.),  71°35'.5  east  of  south. 

North  end  of  McDonald's  barn,  23°06'.l  east  of  south. 

N.W.  gable  of  barn,  75°16'.9  west  of  south. 
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Windsor. — The  station  is  situated  in  a  large  pasture  field  on  the  north  side  of 
the  Tecumseh  road  and  about  700  feet  east  of  the  intersection  of  the  C.  P.  U. 
branch  to  the  Walkerville  Bridge  and  Iron  works  and  the  Tecumseh  road.  The  field, 
which  is  owned  by  Mr.  Stanley,  is  full  of  stumps  and  many  small  bushes  are  scattered 
about.  The  transit  was  placed  180  feet  from  the  westerly  boundary  fence  and  214 
feet  from  the  northerly  limit  of  the  Tecumseh  road.  The  magnetometer  was  placed 
9.3  feet  behind  the  transit  and  on  line  with  transit  and  reference  object.  The 
following  true  bearings  were  determined  from  the  transit  station: — ■ 

East  gable  of  red  barn,  13°01'.3  west  of  south. 

Spire,  St.  Alphonse  church  (R.  O.),  57°34'.8  west  of  north. 

Spire  on  tower  close  to  large  building  in  Detroit,  20°20'.l  west  of  north. 

MAGNETIC  RESULTS  FOR  1910 — ONTARIO. 
Observer,  J.  W.  Menzies. 


Station 

f 

O 

44 

15 

9 

o 

77 

Belleville  

+4 

9 

2 

77 

Brighton  

44 

2 

77 

Peterborough  

44 

IS 

6 

78 

Newcastle  

43 

.54 

3 

78 

Kinmount  

44 

47 

1 

78 

44 

21 

0 

78 

Pickering.  .  •  

43 

51 

3 

70 

Niagara  Falls  

43 

07 

7 

79 

44 

20 

0 

79 

12 

.53 

2 

79 

Orillia  

44 

35 

8 

79 

Beams  vi  lie  

43 

11 

5 

79 

Barrie  

44 

23 

7 

79 

Brampton  

43 

40 

9 

79 

Cayuga  

42 

5S 

0 

79 

Hamilton .  .  •  

43 

14 

4 

79 

Penet  anguishene  

44 

46 

4 

79 

Orangeville  

43 

54 

7 

so 

Guelph  

43 

33 

USD 

Brant  ford  

43 

OS 

i 

SO 

42 

51 

Dsn 

Berlin  

43 

26 

9  so 

42 

38 

0  80 

Flesherton  

44 

14 

9  so 

Woodstock  

43 

07 

5 

80 

Mount  Forest  

43 

59 

2 

80 

Port  Bur  well  

42 

3S 

9  80 

Owen  Sound  

44 

33 

3 

SO 

Stratford  

43 

21 

sso 

Port  Stanley  

42 

39 

9  si 

London  (Hyde  Park 

jet.)  

42 

59 

:;  si 

Wingham  

43 

.54 

1 

si 

Luc  an  

43 

10 

7 

si 

H 

10 

3  SI 

Rodney  

12 

34 

0S1 

43 

45 

7 

SI 

Forest  

43 

05 

6S2 

Chatham  

42 

23 

1 

82 

Sarnia  

12 

57 

, 

82 

12 

39 

0 

82 

Belle  River  

42 

17 

4 

S2 

12 

02 

2 

S2 

Windsor  

42 

17 

9  S3 

Date 


OOONov. 
25-5;  " 
44  0  " 

18-  5  " 
318  " 
38  0  " 

44-  0  Oct. 
4-3  Nov. 
6-3  Sept. 

07  0 Oct. 

14-  3  Sept. 
25-3  Oct. 
28-5  Sept. 

42-  5  Oct. 

45-  5  Aug. 
51-0  Sept. 
54  0  " 
58-OOct. 
05  0  " 
15  0  Aug. 

15-  5  Scpl . 

19-  5  " 
30  0  " 
27-5  Aug. 
33-5  Oct. 

43-  5  Sept. 
45-0  Oct. 
49  0  Sept. 
56-0  Oct. 
5S-5  Aug. 
13-5  " 

19  0 Oct. 

20-  8  " 
24  S  Aug. 
37-5  Oct. 
41  0  Aug. 
42-5  Oct. 
O0  S  Aug. 
100  « 
22  •51  " 
ado  « 
41-8'  " 
45-8  " 
150i  " 


1910 

9,  11  

12-16  

19  

5,  7  

22  

3.  4  

26-29-... 

2  

20.21.'.'.! 

25  

17  

22,  24 
22  ". 
18.  19  

I,  2  

16  

23-27 

20,  21 ... . 

17  

4....y.:>, 

29  

5.  6  

15  

6,  8  

15  

30.  Oct.  1 

II,  12.... 
2, 

13.  14...'. 
10.  11.... 

30.  31.... 


3. 

8. 
12. 
10. 
2!  i 


o, 
13... 

19.  20. 
16. . . . 
17,  IS. 
22,  23. 

20.  27. 
24.  25. 


Decl. 

Dip. 

Hor. 
Int. 

Total 
Int. 

O 

in 

36  SW 

O 

74 

25-2 

■  16369 

•60946 

a 

—  i 

74 

oo*U, 

■  15760 

•60563 

8 

42  0W 

74 

4S-6 

•15957 

•60900 

8 

45-5W 

74 

42-6 

■  16327 

•61914 

7 

47  -5W 

74 

43-3 

•  100x3 

•  0 1 034 

8 

toow 

75 

16-9 

•  l.Vlss 

■60960 

7 

35-0W 

75 

09-9 

•  15726 

-01 121 

7 

07-9W 

74 

441 

■16124 

■61242 

6" 

00-3W 

74 

120 

•16490 

■60562 

7 

31  SW 

75 

3-2 

15X02 

■61267 

5 

47 -5W 

73 

58- 1 

■  167.54 

■60666 

5 

38-6W 

75 

29-7 

•  1.53X9 

•01442 

5 

51 -3W 

74 

31  -4 

■16481 

■61762 

0 

46- 1W 

75 

20- 1 

•  15535 

•01303 

5 

56-5W 

74 

34-7 

■16293 

■61270 

6 

34-7W 

73 

50-3 

•17044 

•61233 

5 

32-4W 

74 

19-2 

•  16534 

•01177 

7 

29-6W 

75 

32-4 

■ 1531X 

•61345 

6 

01  SW 

74 

42-9 

•  16190 

■61414 

5 

50  0W 

74 

28-2 

•1643S 

■01305 

4 

43  SW 

74 

13-8 

■16623 

•61164 

4 

54-2W 

74 

05-8 

■ 10x05 

•61329 

5 

34  0W 

74 

27-7 

■16467 

■61471 

4 

39 -6W 

73 

49-3 

■  170:« 

■61132 

26-2W 

74 

56-6 

•15592 

•60021 

3 

.53 -6W 

74 

07  "8 

■  10730 

■61180 

5 

07  0W 

74 

46-4 

•100X6 

•61248 

4 

15- 1W 

73 

45-91 

■17014 

■60856 

6 

01 -5W 

75 

13-4 

•  15703 

■61568 

:; 

4S-5W 

74 

24-8! 

•10515 

» -61575 

2 

40- 7  W 

74 

05-4 

•10705 

■00039 

3 

34  0W 

73 

59-8 

•16795 

■60919 

4 

30-  4  W 

74 

39-7 

•10241 

•61398 

3 

55-9W 

74 

03  1 

■KiX32 

■0125s 

5 

25-6W 

74 

3S0 

•  it«.-;3 

■01035 

3 

29-9W 

73 

47-3 

■1713S 

•61373 

4 

32 -3W 

74 

31-6 

•16379 

■61393 

3 

41 -3W 

73 

57-8 

■  1  Oil!  17 

•61201 

2 

25 -9W 

73 

37-5 

•  17252 

•61194 

3 

01  -3  W 

73 

50-5 

•17045 

■61248 

2 

4S-7W 

73 

33  0 

•17333 

•61209 

1 

'  49  SW 

73 

21-7 

•17443 

■60919 

1 

32- 1W 

73 

06-9 

•17664 

■00X10 

1 

59  0W 

73 

14-6! 

■17547 

■00X02 
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MAGNETIC  RESULTS  FOR  1910— ALONG  MAIN  LINE,  CANADIAN  PACIFIC  RAILWAY 

Observer,  C.  A.  French. 


Station. 


Date. 


Decl. 


Dip. 


Hor. 
Int. 


Total 
Int. 


Diurnal 
Range 
in  Dec. 


Ottawa  

Agincourt  

Chapleau  

Wayland  

Missinaibi  

Grasett  

White  River  

Montizarabert . . 

Heron  Bay  

Middleton  

Schreiber  

Gravel  

Nipigon  

Dorion  

Mackenzie  

Fort  William... 
Kaministikwia. 

Raith  

Savanne  

Niblock  

Martin  

Ignace  

Tache  

Wabigoon  

Dryden  

Eagle  

Vermilion  

Hawk  Lake 

Kenora  

Kalmar  

Rennie  

Whitemouth  .  .  . 

Norquay  

Winnipeg  

Marquette  

Portage-la- 

Prairie  

McGregor  

Carbcrry  

Brandon ....... 

Griswold  

Virden  

Kirkella.  ...... 

Wapella  

Broadview  

Wolseley ....... 

Indian  Head  

Balgonie-  

Regina  

Pense  

Moosejaw  

'Agincourt  

Ottawa  


1910. 


45 

23 

6 

75 

43 

0 

Apr. 

1  to  20  

43 

47 

0 

79 

16 

0 

May 

47 

50 

3 

S3 

25 

6 

7,  9 

is 

*? 

4 

83 

49 

9 

10,  11  

4S 

18 

s 

84 

5 

2 

^  a 

14,  16  

48 

27 

3 

84 

37 

6 

« 

19,  20  

1^ 

35 

2 

85 

16 

3  " 

23,  25  

41 

3 

85 

38 

6 

27,  28  

4  s 

39 

3 

86 

17 

3 

u 

30,  31  

Is 

47 

86 

40 

3 

June 

4  

is 

is 

5 

S7 

16 

6 

7  

48 

54 

7 

87 

43 

6 

10  

49 

0 

7 

SS 

15 

9 

11,  13  

is 

46 

8 

88 

32 

0 

14  

is 

33 

(i 

88 

58 

5 

15  

is 

23 

9 

VI 

14 

9 

17,  18  

is 

31 

5 

S9 

35 

1 

22 

48 

t'.i 

* 

S9 

53 

6 

u 

23-25  

48 

57 

0 

90 

14 

0 

u 

49 

16 

3 

90 

41 

3 

u 

30,  July  1  

49 

15 

3 

91 

7 

9 

July 

2,  4  

49 

25 

4 

91 

in 

5 

6-8  

49 

35 

0 

92 

10 

7 

11,  12  

49 

43 

6 

92 

36 

S 

u 

13,  14  

4;i 

47 

4 

92 

50 

1 

u 

16,  17  

49 

47 

7 

93 

11 

1 

11 

18-20  

49 

51 

3 

93 

23 

5 

u 

22  

49 

58 

3 

93 

59 

7 

23,24  

49 

46 

2 

94 

2'.i 

0 

il 

26,  27  

49 

45 

7 

94 

:,s 

0 

28,29  

49 

51 

.5 

95 

33 

3 

29-31  

I'.i 

57 

0 

95 

57 

8 

Aug. 

1,2  

49 

59 

6 

96 

33 

9 

U 

4,5  

I'.i 

51 

0 

97 

7 

9 

u 

8,  9  

50 

4 

1 

97 

43 

0 

11,  12  

49 

58 

5 

98 

17 

9 

a 

15,  16  

49 

58 

4 

98 

47 

4 

a 

17,  18  

49 

52 

5 

99 

21 

6 

K 

19,20  

49 

52 

0 

99 

58 

8 

23-25  

49 

46 

9  100 

28 

7 

a 

26  

l!) 

51 

3  100 

55 

7 

27,  28  

50 

1 

9  101 

22 

4 

u 

30,  31  

50 

15 

8  101 

58 

4 

Sept,  1,2  

50 

22 

3  102 

34 

7 

« 

3,  5  

26 

3  103 

15 

5 

U 

9,  10  

50 

32 

2 

103 

39 

5 

a 

12,  13  

50 

29 

6104 

16 

1 

a 

14,  15  

50 

26 

9  104 

36 

8 

a 

16,  17  

50 

24 

7 

104 

59 

1 

u 

19  

23 

9  105 

30 

9 

20-23  

43 

47 

0 

79 

16 

0 

Oct 

45 

23 

6 

75 

43 

0 

a 

20-26  

3 
16 
8 
48 
46 
11 
22 
2  33 
17  48 
0  31 

0  25 

1  7 

1  39 

2  49 

3  16 
0  25 

3  49 

4  28 
4  54 
4  58 
6  10 

6  57 

7  39 

8  14 

6  34 

7  42 
7  2S 

10  0 

9  31 
10  19 

10  57 

11  23 
13  56 
13  17 

9  26 
13  9 
15  44 

15  3 

16  4 
16  43 

16  13 

17  50 

17  13 

18  18 

19  32 

18  57 

19  26 
19  45 
19  52 

6  5 
13  3 


2W 
1W 
4W 
SW 
SW 
1W 
9W 
3W 
4\Y 
9E 
7W 
IE 
0E 
3E 
3E 

:,i: 

3E 
8E 
IE 
5E 
IE 
5E 
4E 
0E 
IE 
7E 
8E 
4E 
4E 
7E 

:i ; 

0E 
0E 
7E 
7E 

9E 
6E 
0E 
9E 
6E 
IE 
9E 
6E 
3E 
IE 
7E 
6E 
8E 
5E 
9E 
4W 
2W 


75  39-8 

74  3S 
77  51 
77  5S 

77  49 

75  9 

78  19 
25 

3 


78 
78 
SO  22 
7S  26 
7S  35 
7S  2!  I 
78  17 
7S  13 

77  49 
80  3 

78  11 
78  12 
78  10 
78  9 
7S  30 

78  22 

77  49 

79  22 
7S  10 
7S  59 

78  26 
77  59 
77  52 

77  27 
7S  10 
7S  41 

75  11 

78  5 

78  29 
77  40 
77  39 
77  32 
77  15 
77  10 
77  17 
77  22 
77  38 
77  20 
77  3 
77  3 

76  58 

76  53 

77  0 

74  39 

75  41 


15114 
1627.5 
13219 
13067 
13272 
12S7S 
1276S 
12698 
13087 
10418! 
12626 
124.53 
12653 
12826 
13021 
13322 
10746 
12954 
12951 
13018 
13089 
12678 
12772 
13364 
1156.5 
13050 
121S0 
12806 
13122 
13345 
13779 ' 
13083 
12549 
13061 
13039 

12810 
13502 
13529 
136S7 
14005 
13976 
13931 
13803 
13515 
13S50 
14147 
14071 
14210 
1  4222 
1  1096 
16244, 
15096 


•61037 
■61436 
•62866 
•62677 
62965 
•62765 
•630S7 
•63266 
•63283 
•622.56 
■629S8 
■621112 
•63429 
■63 186 
•63816 
•63159 
■62243 
•632.5s 
•63349 
•63.5.53 
•63766 
•63(300 
•63419 
•63376 
•62733 
■63674 
•63s24 
•63941 
•63062 
•63.551 
■63471 
■  C,3s2i; 
•63996 
•63807 
•63225 

•64161 
•6324(3 
■63263 
•63420 
•63.531 
•62930 
•63326 
•631S5 
•63180 
•63219 
•&3176 
•62852 
•63034 
•62717 
•62709 
■61391 
•61053 


*  The  values  for  Agincourt  represent  the  means  of  the  month,  and  were  obtained  from  the 
Journal  of  the  Royal  Astronomical  Society  of  Canada  for  May-June,  and  for  November- 
December,  1910. 
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Secular  Change. 

We  havi'  now  for  a  few  stations  in  our  survey,  data  wherefrom  we  ran  deduce 
secular  change  in  declination,  by  comparison  of  the  magnetic  results  obtained  by 
the  Carnegie  Institution  in  1906  and  by  the  Dominion  Observatory  in  1910  at  cor- 
responding stations,  as  shown  in  the  following  table.  From  them  is  deduced  the 
average  annual  change  for  the  mean  period  of  the  respective  observations. 

Westerly  declination  is  negative,  easterly  declination  positive.  In  the  column 
"Average  Annual  Change"  for  declination,  a  minus  sign  indicates  that  western 
declination  is  increasing,  and  eastern  declination  decreasing,  while  the  plus  sign 
means  the  reverse. 
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Gravity 

During  the  past  season  no  member  of  the  staff  was  available  for  making  gravity 
observations. 

I  have  the  honour  to  be,  sir, 

Your  obedient  servant, 

OTTO  KLOTZ. 


Figure  1. 


Figure  2 


Figure  3. 


Figure  4. 
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Fig.  6. — Anemogram  March  15,  1911. 
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Ottawa,  Canada,  April  1,  1911. 


W.  F.  King,  Esq.,  C.M.G.,  LL.D., 

Chief  Astronomer, 

Ottawa. 

Sir. — I  have  the  honour  to  submit  the  following  report  upon  the  work  carried 
on  in  the  Astrophysical  Division  and  in  other  departments  of  the  work  of  the  Obser- 
vatory during  the  past  year. 

This  report  contains  a  summary  of  the  whole  work  of  the  division  followed  by 
detailed  accounts,  generally  in  the  form  of  appendices,  of  the  various  pieces  of  work 
carried  on  by  the  observers  under  my  charge.  Each  of  these  appendices,  as  in 
former  years,  is  written  by  the  observer  responsible  for  the  work  and  appears  over 
his  signature,  and  in  this  regard  I  can  only  repeat  the  commendation  given  in  previous 
reports  of  the  zeal  and  efficiency  of  my  assistants,  to  which  is  due  in  a  large  measure 
the  amount  and  quality  of  the  work. 

For  convenience  of  treatment  the  work  will  be  classified  under  the  following 
headings : — 

1.  Stellar  Spectroscopy. — The  main  work  under  this  heading  is  the  determina- 
tion of  the  radial  velocities  of  selected  stars.  These  consist  almost  wholly  of  spec- 
troscopic binaries  whose  velocity  curves  and  orbits  are  being  investigated,  but  a 
few  star  spectra  for  other  purposes  have  been  obtained. 

2.  Solar  Research. — This  subdivision  includes  the  work  on  the  solar  rotation 
and  allied  investigations  with  the  coelostat  telescope  and  grating  spectrograph, 
daily  solar  photographs  with  the  equatorial  telescope,  and  miscellaneous  work 
along  similar  lines. 

3.  Micrometric  and  Photographic  Work. — This  includes  the  measurement  of 
the  position  angle  and  distance  of  double  stars,  the  observation  of  the  occultation. 
of  stars  by  the  moon,  and  comet  and  stellar  photography. 

4.  Mechanical  Work. — The  work  of  the  mechanicians  and  carpenter  in  the- 
construction  of  new  and  the  repair  and  alteration  of  existing  instruments  is  also 
included  as  being  under  my  charge. 

5.  In  addition  to  the  above,  directly  in  connection  with  and  purely  the  work  of 
the  Observatory,  it  seems  desirable  to  add  a  subdivision  for  the  work  being  done  by 
myself  as  representing  the  Observatory  on  several  international  committees  dealing 
with  important  astrophysical  questions.    These  committees  were  organized  last 
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year,  and  I  was  appointed  thereon  at  the  meetings  of  the  'Astronomical  and  A>- 
trophysical  Society  of  America'  at  Cambridge,  Mass.,  and  of  the  'International 
Union  for  Co-operation  in  Solar  Research'  at  Mount  Wilson,  Cal.,  which  I  had  the 
honour  of  attending  as  the  representative  of  this  Observatory.  A  report  of  these 
meetings  and  of  the  work  of  the  committees  will  be  given  later. 

The  division  of  the  work  has  followed  practically  the  same  lines  as  last  year. 
Messrs.  Harper,  Cannon  and  Parker  devoting  their  whole  time  to  radial  velocity 
work,  Dr.  DeLury  to  solar  and  allied  chemical  research,  and  Mr.  Motherwell 
to  the  micrometric  and  photographic  work,  and  to  the  supervision  of  the  surveying 
and  astronomical  instruments.  My  own  time  has  been  occupied  principally  with 
stellar  spectroscopy  and  work  on  the  solar  rotation.  The  radial  velocity  work 
having  become  well  systematized  and  arranged,  has  left  me  free  to  devote  more  time 
to  other  branches  of  the  work,  and  consequently  considerable  of  my  energy  has 
been  devoted  to  working  with  Dr.  DeLury  in  the  difficult  problem  of  the  Spectros- 
copic Determination  of  the  Solar  Rotation. 


Stellar  Spectroscopy. 

As  in  pre\ious  years,  satisfactory  progress  has  been  made  in  the  determination 
of  stellar  radial  velocities,  especially  of  spectroscopic  binaries.  Part  of  my  own  time 
and  the  whole  time  of  Messrs.  Harper,  Cannon  and  Parker  is  devoted  to  this  work. 
The  observing  is  divided  between  the  four  above  mentioned,  about  nine  half  nights 
per  week  being  allotted  for  work  with  the  spectrograph.  A  regular  programme 
of  observation  is  followed,  no  attempt  being  made  to  have  any  observer  secure  the 
spectra  of  any  particular  stars.  After  the  spectra  are  obtained,  however,  a  division 
is  made,  each  one  undertaking  the  measurement  and  reduction  of  all  the  plates  of 
one  or  more  binaries  and  the  computation  of  the  orbits,  this  arrangement  tending 
to  more  uniform  treatment  of  the  binaries  and  also  making  the  work  much  more 
interesting.  Following  this  scheme,  as  in  former  years,  each  observer  discusses  the 
work  he  has  done  and  this  appears  as  an  appendix  to  this  report. 

A  change  has  been  made  this  year  in  the  method  of  publishing  the  measures 
of  the  spectra.  For  the  last  two  years  all  the  measures  have  been  published  in  an 
appendix  by  themselves,  so  that  in  the  discussion  of  the  orbit  only  the  summary  of 
the  plate  velocities  appeared.  This  was  for  the  purpose  of  preventing  the  breaking 
up  of  the  continuity  of  the  text  by  the  introduction  of  many  pages  of  measures, 
but  had  the  disadvantage  that  each  orbit  was  in  a  sense  incomplete  as  the  individual 
measures  were  not  included.  Furthermore,  owing  to  the  large  number  of  measures 
of  the  year  before  last,  this  part  of  the  report  occupied  a  very  disproportionate 
amount  of  the  space,  and  it  was  felt  desirable  to  abbreviate  it  if  possible.  Various 
schemes  were  considered,  and  the  one  appearing  in  the  present  report  was  finally 
adopted  as  containing  all  the  necessary  information  in  less  than  a  quarter  of  the 
space.  This  saving  was  effected,  in  the  first  place,  by  omitting  the  micrometer 
settings  and  corrections  for  the  star  and  comparison  lines,  and,  in  the  second  place, 
by  grouping  a  number  of  plates  together  so  that  the  annual  diurnal  and  curvature 
corrections  occupy  relatively  much  less  space.  The  velocities  for  each  star  line 
measured  with  their  weights,  the  weighted  mean  and  the  final  radial  velocity  of  the 
plate  are  given  in  a  tabular  and  compact  form.  This  change  would  have  been 
applied  last  year  but  for  the  fact  that  the  long  delay  in  the  publication  of  the  reports 
prevented  us  from  realizing  how  much  space  the  measures  actually  occupied.  It 
is  believed  that  in  this  new  method  there  will  not  be  more  than  three  or  four  pages 
of  measures  for  an  average  spectroscopic  binary. 
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In  obtaining  the  spectra  discussed  herein,  five  different  adaptations  of  two 
spectrographs  have  been  used,  designated  as  I  L,  III  L,  III  S,  III  R  and  I.  The 
following  table  gives  some  of  the  constants  of  the  instruments: — 


SPECTOG  RAPHS. 


Designation. 

Spectrograph. 

No.  of 
Prisms. 

Focus  of 
Coll. 

Focus  of 
Camera. 

0 

A  per  mm . 
a.tHy 

I  L 

Ottawa  Spectrograph. . . 

1 

525  mm. 

525  mm. 

30.2 

III  L 

((  u 

3 

525  " 

525  " 

101 

III  S 

U  U 

3 

525  " 

300  " 

17-5 

III  R 

it  ff 

3 

525  " 

260  " 

20-2 

I 

New  Single-Pr.  Spect . . . 

1 

765  " 

455  " 

33-4 

The  Ottawa  spectrograph  referred  to  above  was  described  in  my  report  of 
1906-7,  p.  73,  while  the  new  single-prism  spectrograph  was  described  in  my  report 
of  1908-9,  p.  163.  The  differences  in  III  L,  III  S  and  III  R  consist  only  in  the 
camera  objectives  employed.  Ill  L  has  a  Hartmann-Zeiss  'chromat'  objective; 
III  S  a  Bausch  and  Lomb  Zeiss-Tessar  and  III  R  a  specially  designed  Ross  homo- 
centric.  The  form  of  field  of  all  these  three  objectives  and  of  the  others  used  has 
been  fully  discussed  and  described  in  my  report  for  1908-9,  p.  170. 

Since  my  last  report  only  changes  in  minor  details  of  these  instruments  have 
been  made.  No  material  improvements  have  suggested  themselves,  as  they  all 
work  satisfactorily.  As  will  be  mentioned  more  fully  later,  it  is  proposed  to  design 
and  construct  a  grating  spectrograph  as  soon  as  a  grating  giving  a  sufficiently 
bright  first  order  spectrum  has  been  obtained. 

The  method  of  measurement  and  reduction  follows  that  already  fully  described 
in  the  report  for  1906-7,  p.  95,  1907-8,  p.  84,  and  1908-9,  p.  175,  so  far  as  micro- 
meter measures  are  concerned.  The  stereo-comparator  has  been  used  on  the  plates 
of  t  Ursae  Minoris  which  have  been  measured  and  reduced  as  described  in  the 
1908-9  report,  p.  177.  It  may  be  as  well  to  state  that  the  method  of  reducing  the 
micrometer  measures  which  has  been  followed  for  five  years  has  proved  itself 
eminently  satisfactory,  requiring  a  minimum  amount  of  labour — a  couple  of  sub- 
tractions from  tabular  values  to  get  the  millimetre  displacement,  which  latter  is 
multiplied  by  a  tabular  velocity  constant  to  give  the  radial  velocity — and  giving 
equal  accuracy  with  other  methods  requiring  several  times  the  work. 

The  observing  weather  during  the  year  covered  by  this  report  has  been  very 
poor,  the  worst  on  record  since  the  Observatory  was  organized.  This  will  be  evident 
by  a  comparison  of  the  spectra  obtained  in  the  last  three  years;  details  of  which  are 
given  in  the  annexed  table. 
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SPECTRA  OBTAINED. 


Month. 

1908-9 

1909-10 

1910-11 

Spectra. 

Nights. 

Spectra. 

Nights. 

Spectra. 

Nights. 

65 

8 

77 

11 

51 

14 

May  

49 

11 

22 

5 

44 

10 

June 

90 

16 

49 

12 

41 

July  

10S 

20 

94 

15 

49 

1! 

August  

100 

16 

77 

16 

55 

10 

43 

8 

59 

12 

103 

17 

47 

8 

94 

13 

76 

11 

38 

9 

57 

11 

23 

5 

99 

15 

94 

14 

101 

13 

129 

18 

84 

11 

68 

10 

102 

15 

89 

12 

53 

12 

March  

141 

14 

115 

15 

118 

16 

Totals  

1011 

158 

911 

147 

782 

140 

It  will  bo  noticed  that  not  only  have  the  number  of  spectra  and  the  number  of 
nights  steadily  decreased,  but  the  average  number  of  spectra  obtained  per  night  lias 
decreased  from  6.4  in  1908-9  to  6.2  in  1909-10  and  to  5.6  in  1910-11. 

Of  the  782  spectra  obtained  during  the  past  year,  111  are  of  the  binaries  com- 
pleted during  the  year,  524  are  of  binaries  under  observation,  75  of  binaries,  work 
on  which  has  been  discontinued,  50  are  additional  plates  of  binaries  previously 
completed  in  which  for  various  reasons  it  was  felt  desirable  to  obtain  further  obser- 
vation, and  22  are  spectra  of  various  stars  obtained  for  miscellaneous  purposes. 

There  have  been  completed,  during  the  interval  covered  by  this  report,  the 
elements  of  the  orbits  of  five  spectroscopic  binaries,  some  details  of  which  are  given 
in  the  annexed  table. 


DATA  OF  BINARIES  COMPLETED. 


Star. 

R.  A.  1900. 

Decl.  1900. 

Visual 
Mag. 

Type. 

No.  of 
Plates 
used. 

Computer. 

h.  m. 

O  / 

7  Camelopardalis  . 

4  49-3 

4-53  35 

4-44 

A2 

44 

W.  E.  Harper. 

v  Orionis  

6  1-9 

+  14  47 

4-40 

B2 

117 

" 

o>  Ursae  Majoris .  . . 

10  48-2 

+43  43 

4-84 

A 

60 

T.  H.  Parker. 

11  42-8 

+20  46 

4-54 

FS 

72 

J.  B.  Cannon. 

*  Ursae  Minoris.  .  . . 

16  56-2 

+82  12 

4-40 

G5 

42 

J.  S.  Plaskett. 

ELEMENTS  OF  ORBITS. 


Star. 

Period. 

e 

K 

0 

y 

Julian  Day. 

a  sin  i 

7  Camelop  

w  I'rsae  Majoris. 

03  Leonis  

e  Ursae  Minoris.  . 



days. 

3-8846 
131-26 

15-840 

71-70 

39-482 

•013 
•599 
•264 
•008 
-0113 

km. 
35  15 
34  09 
20-64 
26-54 
31-954 

O 

217-14 
1-58 
11-95 
270-81 
359-76 

km. 
-  8-93 
+22-10 
-18-45 
+  017 
-11-398 

2418281  176 
2417975-16 
2417991  101 

I'llMISS  III.", 

2418005-75 

km. 

1877000 
49270000 

4336000 
261701XX) 
17346000 
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Complete  data  including  measures  will  be  given  of  these  five  spectroscopic 
binaries  later,  of  c  Ursae  Minoris  above  my  own  signature  and  of  the  other  four 
in  the  Appendices  A,  B  and  C  to  this  report  above  the  signatures  of  the  observers 
who  measured  the  plates  and  computed  the  orbits.  Although  there  is  a  reduction 
from  last  year  in  the  number  of  orbits  published,  from  eight  to  five,  this  reduction 
is  perhaps  more  apparent  than  real,  for  only  three  of  the  eight  of  last  year  were  new 
orbits,  the  remainder  being  new  discussions  of  previously  published  results  to  which 
further  data  had  in  some  cases  been  added.  However,  a  reduction  in  the  number 
of  orbits  is  to  be  expected  from  two  reasons — -first,  on  account  of  the  poorer  observ- 
ing weather  and  fewer  spectra  obtained,  and  second,  because  of  the  fact  that  the 
brighter  spectroscopic  binaries  are  rapidly  becoming  exhausted  and  it  is  necessary 
to  observe  fainter  stars  requiring  more  exposure  time.  This  last  cause  will  tend  to 
become  more  serious  as  time  goes  on,  for  the  number  of  spectroscopic  binaries 
brighter  than  the  fifth  magnitude,  which  is  approaching  the  practical  limit  with  our 
equipment,  is  rapidly  becoming  smaller.  There  is  a  still  further  reason  which  leads 
us  to  expect  that  the  number  of  orbits  obtained  must  necessarily  decrease,  and  that 
is  the  fact  that  the  binaries  selected  for  observation  first,  are  those  in  which  a  large 
range  of  velocity  combined  with  lines  suitable  for  fairly  accurate  measurement 
enables  the  elements  of  the  orbit  to  be  comparatively  easily  determined.  As  time 
goes  on,  however,  and  selection  has  to  be  made  from  stars  whose  spectra  are  poor 
or  which  have  only  a  small  range  of  velocity,  it  is  evident  that  many  more  plates 
will  be  required  to  obtain  a  statisfactory  orbit  even  if  it  is  possible  to  determine  the 
orbit  at  all.  In  previous  reports  I  have  mentioned  the  abandonment  of  work  on  two 
binaries,  5  Aquilae  and  o  Andromeda.  As  stated  above,  75  spectra  were  obtained 
of  eight  stars  on  which  work  has  been  discontinued  for  the  reasons  stated  above, 
and,  although  it  by  no  means  follows  that  the  orbits  of  these  stars  cannot  be  deter- 
mined, yet,  as  we  have  23  binaries  under  observation  where  the  chances  of  securing 
orbits  with  a  reasonable  number  of  plates  seem  greater,  the  others  were  discontinued 
for  the  present.  In  order  to  render  the  measures  we  have  obtained  available  for 
others  working  along  similar  lines,  who  may  desire  to  take  up  any  of  these  binaries, 
it  has  been  decided  to  publish  these  measures  at  once,  and  they  will  be  found  in 
Appendices  A,  B  and  C,  given  by  the  observers  who  have  measured  the  plates. 
There  are  thus  given  the  measures  of  119  plates  of  11  stars.  For  convenience,  the 
principal  data  of  the  stars  observed  and  the  plates  measured  are  collected  in  the 
following  tables,  while  the  observing  records  and  detailed  measures  are  given  in  the 
appendices  just  cited. 

MISCELLANEOUS  MEASURES. 


Star. 

R 

A. 

Dec. 

Type. 

Mag. 

No.  of 
Plates. 

Measurer. 

h. 

m. 

O  / 

9  Camelopardalis  

4 

44.1 

4-66  10 

B 

4-4 

4 

Cannon. 

5 

56-9 

+  9  39 

B3 

3-4 

2 

Harper. 

9 

45 

+54  32 

A 

4-7 

1 

.. 

ts  Virginis  

11 

56 

+  7  06 

A 

4-6 

2 

u 

12 

49-6 

+56  30 

Ap 

1-7 

2 

It 

o  Ophiuchi  

17 

30-3 

+12  38 

A5 

21 

24 

Cannon. 

f  Aquilae  

19 

01 

+13  43 

A 

3-3 

12 

Parker. 

19 

27 

+51  32 

A 

3-9 

Cannon. 

20 

53 

+40  47 

A 

4-2 

I 

Parker. 

o  Andromedae  

22 

57-3 

+41  47 

B3 

3-4 

50 

Harper. 

o  O.ssiopeiae  

23 

54 

+55  12 

B5 

51 

S 

Cannon. 
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SUMMARY  OF  MEASURES. 

9  Camelopardalis. 


Plate. 

2805 
2842 
2874 


G.M.T.  Date. 


Sept.  20-78 
Oct.  4-74 
8-79 


Year.  Velocity. 


1909 


-6-4 
+2-2 
+  1-5 


Plate. 


2S74 
2875 
2^75 


G.  M.  T.  Date. 


Year.  Velocity. 


Oct. 


8-79. 
8-79. 
8-79. 


1909 


-1-7 
-7-3 
-7-4 


^  Orionis. 


Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

Plate. 

G.M.T.  Date. 

Year. 

Velocity. 

1139 

Nov.  11-88  

1907 

+68-4 



1159 

Nov.  23-75, 

1907 

+50-3 

tf  Ursse  Majoris. 

Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

1476 

April  13-72 

1908 

-110 

jt8  Virginis. 

Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

3349 

Mar.  18-88 

1910 

-28-5 

3383 

Apr.  11-77  

1910 

-20-2 

t  Ursae  Majoris. 


Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

Plate. 

G.  M.  T.  Date 

Year. 

Velocity. 

456 

Dec.  11-75 

1906 

-0-4 

489 

Dec.  1S-69. 

1906 

-70 

o  Ophiuchi. 


Plate. 


1481 
1542 

U 

1549 
1612 

tt 

1632 
1649 
1654 
1688 
1701 
1702 
1715 
1724 


G.  M.  T.  Date. 


Apr. 
May 


June 


July 


13-86. 
18-83. 
1S-83. 
22  ■  S3 
17-81. 

24-74' 
27-74. 
1-74. 
10-71. 
13-74. 
13-76. 
15-79. 
24-60. 


Year. 


1908 


Velocity. 


Plate. 


G.M.T.  Date. 


Year.  Velocity. 


-  4-8 
+  15-4 
+  01 
+  16-3 
+  9-3 
+  5-6 
+  17-7 
+  131 
+  15-9 
+  13-4 

-  0-3 

-  7-3 

-  01 
+  14-4 


1752 
1765 
1819 

1834 
1843 
1854 
1862 
1863 
1SS4 
1NS5 

ft 

1890 
1891 


July  31-68   1908  +  1-4 

Aug.  5-67  1  "  +15-4 

"   24-61   "  +  3-5 

"      "    "  -14-7 

"   27-55   "  +  2-3 

"   28-56   "  +17-7 

"    31-61   "  +28-5 

Sep.    3-55  \  "     i  +8-3 

"     3-56   "  +18-2 

"    14-56  1  "  +  2-8 

*    14-57   "  +230 

■  .  ■  +39-9 

"    16-53   «  +  0-9 

"    16-55   "  +  3-9 
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o  Andromedae. 
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Plate. 


G.  M.  T.  Date. 


Aug. 

(( 

U 

Sep. 
Oct. 

a 

Nov. 
Dec. 

tt 

Jan. 

tt 
a 

June 

u 
u 

July 


Year.  Velocity. 


Plate.     G.  M.  T.  Date.  Year. 


6-80 

1906 

_  4 

970 

8-81 

u 

_  1 

977 

15-77 

tt 

_  4 

984 

If 

QQQ 

16-71 

it 

—  8 

1002 

03.54 

11 

—  2 

1008 

1-74 

tt 

—20 

1021 

8-71 

II 

-11 

1035 

19-60 

it 

-13 

1042 

11-53 

■ 

-10 

1044 

13-61 

a 

-15 

1052 

18-46 

u 

-24 

1053 

-30 

1065 

11-55 

1907 

-19 

1066 

15-47 

• 

-19 

10S7 

16-60 

(( 

-13 

10S8 

14-84 

tt 

-12-9 

1130 

20-81 

a 

-  5-9 

1131 

21-83 

« 

-12-9 

1133 

27-82 

-170 

1134 

2-83 

« 

-  4-7 

1151 

9-82  

tt 

-  9-0 

1152 

16-77 

tt 

-10-4 

1174 

18-75 

-19-7 

1175 

20-79 

« 

-20-6 

1176 

July 
Aug. 


Sep. 


Oct. 
Nov 


Dec 


80. 
77. 
77. 
76. 
70. 
75. 
78. 
70. 
82. 
78. 
71. 
74. 
71. 
75. 
67. 
69. 
65. 
68. 
62. 
&5. 
57. 
62. 
65. 
67. 
70. 


1907 


■f  Aquilae. 


Plate. 

G.  M.  T.  Date 

Year. 

Velocity. 

Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

805 
852 
864 
947 
1039 
1644 
1680 

a 

1778 

May  31-83 

June  14-77  

"  20-76 
July  16-73 
Sep.  12-67 
June  26-85 
July  8-82 

U  II 

Aug.  7-78  

1907 

tt 
tt 
tt 

1908 

ft 
tt 
U 

-29-6 
-340 
-41-4 
-310 
-22-3 
-18-0 
-68-4 
-37  1 
-501 

1S02 
1821 

"  P 
■  s 

"  P 
'  s 
1856 
1887 



Aug.  20-72 
"  24-66 

U  U 
U  il 

u  u 

U  it 

"  31-63 
Sep.  14-61 

1908 

tt 

a 
a 
u 

a 
it 

-  26-5 

-  14-8 
+111-0 

-  26-9 
+116-3 

-  21-7 

-  16-3 

-  8-2 

p  Primary.  s 

Secondary. 

1  Cygni. 

Plate. 

G.  M.T.  Date. 

Year. 

Velocity. 

Plate. 

G.  M.  T.  Date. 

\ear. 

Velocity. 

932 
1718 
1804 

■ 

1824 

July  9-74 
"  15-85 
Aug.  20-76  

U  U 

"  24-76 

1907 
1908 

-20-2 
-  4-7 
-20-9 
-19-9 
-23-1 

1824 
1839 
1845 
1886 

Aug.  24-76 
"  27-70 
"  28-63 

Sep.  14-61 

190S 
a 

11 

u 

-18-7 
-15-9 
-21  0 
-22  0 
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■  Cygiii. 


Plate. 

G.M.T.  Date 

Year. 

Velocity. 

Plate. 

G.M.T.  Date. 

Year. 

Velocity. 

934 
1758 
1S30 

Julv  9-78 
"  31-83 
Aug.  24-81..  . 

U  U 

1907 
190S 

B 
U 

-46-6 
-35-6 
-32-4 
-10-8 

1825 
1846 
1S57 
1892 

Aug.  26S1 
"  28-67 
"  31-72 

Sep.  16-59 

1908 

u 

u 
.. 

-  51 
-19-2 
-570 
-29- 1 

a  Cassiopeia. 

Plate. 

G.M.T.  Date. 

Year. 

Velocity. 

Plate. 

G.  M.  T.  Date. 

Year. 

Velocity. 

2660 
26S0 
27S4 
2S39 

Julv  14-86 
"  27-83 
Sep.  14-57 
Oct.  4-66 

U  II 

1909 

a 
u 

-21-3 
-21-8 
-16-6 
+  4-9 
+  3-6 

2902 

3009 
3521 
3527 

Oct.  20-70 

U  U 

Dec.  2-42 
Julv  11-77 
■  13-73 

1909 

U 

u 

1910 

H 

-28-7 
-30-0 
-38-S 
+  60 
-25-6 

The  spectroscopic  binaries  under  investigation  are  contained  in  the  following 
table.  The  arrangement  given  here  is  arbitrary  following  the  order  in  which  the 
stars  were  selected  from  the  observing  list. 


P  Leonis 

jS  Coronae  Borealis 

72  Ophiuchi 
y  Corvi 
d  Bootis 

B.  A.  C.  5890 
y  Aquarii 
<  Cygni 
e  Cassiopeiae 
6-  Tauri 

69  (»)  Tauri 
£  Tauri 


b  Persei 

i  Persei 

i  Orionis 

►  Geminorum 

y  Geminorum 
S6  p  Tauri 
23  Comae 

a  Pegasi 

a  Geminorum 
6S  Ophiuchi 

y  Ophiuchi 


The  above  list  includes  the  majority  of  the  discovered  binaries  (whose  orbits 
are  undetermined  and  which  are  not  under  observation  at  other  places)  in  which 
the  range  of  velocity  and  character  of  the  spectrum  offer  a  reasonable  chance  of 
obtaining  an  orbit.  In  the  other  200  or  so  spectroscopic  binaries,  the  chances  of 
obtaining  satisfactory  orbits,  or  even  any  orbit  at  all,  are,  in  the  majority  of  cases, 
poor.  This  is  owing  chiefly,  as  stated  above,  to  a  total  range  of  velocity  not  suffi- 
ciently greater  than  the  probable  error  of  measurement  to  allow  the  period  to  be 
easily  determined.  If  the  period  were  known  it  is  likely  that  a  sufficient  number  of 
observations  would  enable  a  fairly  satisfactory  orbit  to  be  obtained. 

The  method  of  selection  of  binaries  for  observation  depends  then,  first,  on  the 
character  of  spectrum  or  type  of  star,  and  second,  on  the  range  of  velocity  observed. 
A  low  range  is  evidently  due  either  to  a  long  period  or  to  a  small  inclination  of  the 
orbital  plane  to  the  tangent  plane,  to  the  sphere,  or  to  a  combination  of  both  causes. 
There  is  an  objection  to  such  a  method  of  selection  of  stars,  that  the  material  ob- 
tained will  not  be  representative  of  the  stars  as  a  whole,  and  that  general  conclusions 
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cannot  safely  be  drawn  from  the  discussion  of  data  limited  in  this  peculiar  way. 
But  under  present  conditions  such  a  method  of  selection  cannot  well  be  remedied, 
as,  even  in  the  cases  which  are  apparently  most  suitable,  it  is  sometimes  difficult 
to  secure  an  orbit  and  it  would  be  simply  a  waste  of  time  to  obtain  observations  on 
many  of  the  discovered  binaries.  Indeed,  in  my  opinion,  judging  from  our  exper- 
ience with  early  type  spectra,  the  range  of  velocity  obtained  in  many  of  the  published 
binaries  is  insufficient  to  prove  that  they  are  binaries. 

It  is  evident  from  the  foregoing  that  our  output  in  radial  velocity  observations 
of  spectroscopic  binaries  is  likely  to  diminish  materially  under  present  conditions, 
instead  of  increasing  as  is  to  be  wished.  The  only  remedy  for  this  state  of  affairs 
is  an  increase  in  telescope  aperture.  Such  an  increase  would  not  only  enable  us 
to  keep  up  our  work  on  spectroscopic  binaries  but  to  take  part  in  the  great  work 
of  obtaining  the  radial  velocities  of  the  fainter  stars,  a  work  than  which  none  is 
more  urgent  and  none  offers  greater  returns  for  the  labour  expended.  As  is  well 
known,  the  radial  velocities  of  all  stars  with  spectra  reasonably  accurately  measurable, 
brighter  than  5.0  visual  magnitude  are  now  practically  completed  by  the  ability 
and  energy  of  Dr.  W.  W.  Campbell,  director  of  the  Lick  Observatory.  But  the 
radial  velocities  of  stars  fainter  than  5.0  visual  magnitude  are  needed,  and  there 
seems  no  immediate  prospect  of  obtaining  them.  If  our  Observatory  could  take 
part  in  such  work  it  would  place  it  in  the  first  rank  among  observatories,  and  would 
undoubtedly  give  Canada  a  very  high  standing  in  the  scientific  world. 

The  desired  increase  in  telescopic  apert  ure  can  be  most  economically  obtained 
by  the  use  of  a  reflecting  telescope,  which  can  be  erected  for  less  than  a  quarter  the 
cost  of  a  refractor  of  the  same  aperture,  and  which,  for  spectroscopic  use,  is  almost 
equally  efficient  and  indeed  possesses  some  advantages  over  the  refractor,  notably 
in  that  it  is  perfectly  achromatic  and  that  the  shorter,  photographic,  wave  lengths 
of  light  are  not  absorbed  to  the  same  extent  as  when  passing  through  glass.  As 
to  the  size  of  aperture  desirable  I  would  say,  after  the  performance  of  the  5-foot 
reflector  on  Mount  Wilson,  that  we  should  not  be  satisfied  with  a  smaller  aperture, 
but,  on  the  contrary,  perhaps  aim  at  something  greater,  6-foot  say,  which  would 
give  us  the  distinction  of  having  the  largest  in  the  world,  and,  a  far  more  important- 
consideration,  enable  us  to  reach  fainter  stars  and  to  obtain  sufficient  exposure  on 
the  brighter  ones  in  considerably  less  time.  The  question  of  covering  such  an 
instrument  by  a  movable  roof,  which  can  be  rolled  back  out  of  the  way  when  ob- 
vervations  are  to  be  made,  instead  of  by  the  ordinary  dome,  is  worth  considering, 
for,  if  a  suitable  wind  shield  could  be  devised,  there  is  a  decided  advantage  so  far 
as  the  seeing  is  concerned  in  working  in  the  open,  and,  in  addition,  a  building  with 
a  movable  roof  would  only  cost  a  small  fraction  of  one  with  a  dome. 

I  would,  therefore,  strongly  urge  upon  you  the  desirability  of  the  installation 
of  a  large  reflecting  telescope  principally  for  radial  velocity  investigations,  though 
it  would  be  desirable  to  make  it  suitable  for  other  lines  of  work  also,  especially  as 
this  can  be  done  without  much  additional  cost.  Such  an  instrument  would  place 
our  Observatory  in  the  first  rank,  so  far  as  equipment  goes,  among  observatories, 
and  would  enable  our  staff,  who  have  already  obtained  an  enviable  record  for  the 
quantity  and  quality  of  the  work  done  with  a  very  modest  equipment,  to  excel  that 
record  and  to  place  our  Observatory  in  the  forefront  in  the  production  of  valuable 
scientific  work.  There  is,  as  I  have  previously  stated,  a  pressing  need  for  just 
the  kind  of  work  that  we  would  be  best  prepared  to  do  with  such  a  telescope,  and  our 
taking  up  of  this  work  would  add  much  to  our  prestige  as  an  Observatory  and  as  a 
nation.  It  may  not  be  amiss  to  point  out  that,  as  it  would  take  two  or  three  years 
to  construct  such  a  telescope,  all  that  would  be  necessary  in  the  meantime  would 
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be  to  have  its  construction  authorized,  no  money  would  require  to  be  voted  for  the 
present.  Some  further  remarks  concerning  this  question  will  be  found  under  the 
report  of  my  attendance  at  the  two  notable  astronomical  meetings  of  last  year. 

The  only  spectroscopic  binary  on  which  the  measures  and  discussion  have  been 
made  by  myself  is  the  last  in  the  preceding  list,  «  Ursae  Minoris,  whose  orbit  will 
now  be  given,  those  of  the  others  appearing  in  the  appendices. 


The  Spectroscopic  Binary  *  Urs.e  Minoris. 

The  star « Ursae  Minoris  (a  =  16''56.2m,3  =  +82°  12')  was  announced  to  be  variable 
in  its  velocity  by  Professor  Campbell  in  1899.*  It  was  placed  on  our  observing 
list  with  the  three-prism  spectrograph  in  1908  and  a  few  plates  were  obtained.  The 
star,  however,  is  so  faint — photographic  magnitude  5"3 — that  even  two  and  one  half 
hours'  exposure  gave  only  a  very  weak  spectrum,  quite  unsuitable  for  accurate 
measurement.  When  a  short-focus  camera  was  applied  to  the  three-prism  spec- 
trograph in  1909.  the  star  was  again  observed,  and  although  greater  intensity  of 
spectrum  was  obtained  the  exposure  time  was  inconveniently  long.  If  the  Lumiere 
"Sigma"  plates  were  used,  a  fair  spectrum  could  be  obtained  in  an  hour  if  the  night 
was  reasonably  good,  but  these  plates  have  the  disadvantage  of  being  very  coarse 
grained,  thus  diminishing  considerably  the  ease  and  accuracy  of  measurement. 
Consequently,  the  spectra  obtained  were  not  felt  to  be  of  satisfactory  quality,  and 
after  May,  1910,  the  star  was  observed  with  the  new  single-prism  spectrograph 
on  Seed  "27"  plates.  Even  with  this  low  dispersion  over  an  hour's  exposure  was 
required,  and  many  of  the  spectra  obtained  were  of  poor  quality.  It  almost 
seemed,  therefore,  that  this  star  was  below  the  effective  range  of  our  equipment, 
and  it  was  thought  preferable  to  work  up  the  plates  already  obtained,  even  if  of  in- 
ferior quality,  than  to  attempt  to  obtain  good  high  dispersion  plates  of  so  faint  an 
object.  Of  the  55  plates  obtained  of  this  star,  42  of  the  best  were  selected  for  use 
in  determining  the  orbit,  but  the  majority  even  of  these  42  were  not  of  good  quality. 

The  star  is  of  the  spectral  class  G5  with  good  lines  only  slightly  advanced  in 
type  beyond  the  sun,  and  consequently  well  adapted  for  the  employment  of  the 
spectro-comparator,  on  which  all  the  plates  were  measured  and  which  is  quite  a 
satisfactory  method  for  stars  of  this  type.  The  record  of  observations  is  given  below, 
followed  immediately  by  the  detailed  measures  which  are  placed  in  a  similar  form 
to  that  described  above  for  those  measured  on  the  micrometer  microscope. 

As  has  been  described  in  the  two  previous  reports,  the  spectro-comparator 
determines  the  actual  linear  displacement  of  the  star  lines  relatively  to  the  dis- 
placement of  the  lines  in  a  spectrum  of  the  sun.  The  measurements  of  these  lines 
are  made  at  a  number  of  selected  regions  of  the  spectrum,  and  the  number  of  these 
regions  measured  varies  from  plate  to  plate,  depending  on  the  quality.  In  the  tables 
of  measures  the  wave  length  of  the  centre  of  the  region  is  given  in  the  first  column 
and  the  kilometre  values  of  the  measured  displacements  in  the  succeeding  columns. 
The  tables  are  grouped  so  that  the  measures  of  plates  made  on  each  form  of  the 
spectrograph,  of  which  III  L,  III  S,  III  R  and  I  were  employed,  are  kept  together, 
the  spectrograph  used  being  indicated  at  the  head  of  the  table. 

•  Astrophysical  Journal,  Vol.  X.,  p.  179,  October  1899. 
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COMPARATOR  MEASURES  OF  e  URS.E  MIN'ORIS  (ill  L). 


Centre  of  Region 

1418 
Vel. 

1454 
Vel. 

1516 
Vel. 

1536 
Vel. 

1555 
Vel. 

15S7 
Vel. 

1868 
Vel. 

4669  0  

-35-31 

32-  12 
35-33 

33-  90 
33-52 
32-20 
31-31 
35-32 
31  03 
37-12 

-  6-92 
1-43 

1-  18 

2-  66 
7-30 
6-65 
5-22 

-38-53 
3S-0S 
39-02 
39-00 
39-53 
35-33 
35-35 
3611 

+  6-92 
7-14 
7-82 
9-32 
S-16 

7-  90 
9-24 

10-10 
903 
10-94 

8-  10 
10-25 

-36-06 
37-60 
30-30 

.  OJ. 

33-52 
32-01 
23-70 

-22-23. 
23-32 
25-25. 

oo  An 

21-48- 
21-20 
2611 

4628-7  

+20-47 
23  IS 

—  1  uo 

22-55 
22-42 
1906 

20-  20 
22-93 
22-40 

21-  60 
20- 16 

4590-2  

4523-9  

4492  0  

4460-3  

4429-6  

4402  1  

4374-5  

4346-5  

4322-8  

Weighted  mean 
V. 

v„ 

Correction  to  Standard 

-33-40 
-  8-18 
+  003 
+  0-35 

-  4-4S 

-  S-21 
+  003 
+  0-35 

-37-62 

-  6-64 

-  001 
+  0-35 

+  8-84 
-  5-63 
+  003 
+  0-35 

+21-47 

-  4  .54 

-  001 
+  0-35 

-32-60 

-  3  07 

-  0  02 
+  0-35 

-2317 
+  7-59 
-  0  03 
+  0-35 

Radial  Velocity 

-41-2 

-12-3 

-43-9 

+  3-6 

+  17-3 

-35-3 

-  1.5-3  j 

COMPARATOR  MEASURES  OF  €  URS^E  MINORIS  (ill  s). 


Centre  of  Region. 


2917 


3023 


3042 


Vel. 

Vel. 

Vel. 

-22-35 

25-51 

-34-57 

20-52 

33-94 

-41-S3 

24-27 

32-62 

42-48 

24  16 

35  14 

4612 

25-39 

35-97 

43-72 

23-75 

35-29 

43-44 

26  08 

32-59 

46-94 

26-50 

35-97 

46-06 

27-40 

37-14 

46-27 

28-15 

36-36 

45-75 

24-42 

34-64 

42-58 

24-15 

30.53 
Vel 


3067 
Vel. 


Vel. 


4669  0  1-22-35 

4628-7  

4590-2  

4554-6  

4523-9  

4492  0  

4460-3  

4429-6  

4402  1  

4374-5  


+  3-29 


4298-2. 


1-58 
1-52 
1-46 
5-64 
204 
■00 
1-26 
1-83 
5 -28 
1-70 
603 


+28-80 

+11-05 

26-83 

12-14 

18-20 

9-52 

19-77 

5-64 

16-92 

6-21 

11-73 

10-73 

10-96 

Weighted  mean -24-82  -34-93  -44-52  -  1-58  1+  9-75  1+22  10 

Vo+  7-26  +  2-62  +  1-63  +  0-32  -  0-12  -  0-86 

Vj-  0-04  -  0-04  -  0-04  -  0  04  -  0  04  -  0  04 

Correction  to  Standard  -  0-30  -  0-30  -  0-30  -  0-30  -  0-30  -  0-30 


Radial  Velocity  -  17-9      -  32-6     -  43-2     -  1-6 


+  9-3     !+  20-9 
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COMPARATOR  MEASURES  OF  €  URS.E  MIN'ORIS  (ill  s). 


Centre  of  Region. 

3084 
Vel. 

3117 
Vel. 

3131 
Vel. 

3151 
Vel. 

3183 
Vel. 

3224 
Vel. 

4628-7  

+23  04 

17-  36 

18-  20 
21-96 
23-98 
23 -as 
20-21 
22  09 
20-70 

-1317 
9-57 
12-14 
13  18 

12-  69 
11-54 

10-  43 
1010 

11-  57 
9-97 

11-93 

13-  72 

-30-45 

27-  62 
26-55 

29-  28 
25-39 
27  15 

24-  77 

25-  24 
2S-00 

28-  74 
28-39 

30-  73 

-39-16 
36-41 
38  07 

35-  26 

36-  65 
33-90 
35-34 

35-  92 

37-  54 
35  05 

36-  22 
37  12 

4590-2  

+23-68 
22-75 

22-  70 

23-  27 

23-  75 
21-51 
25-67 

24-  96 

-15-39 
12  14 
12  Us 

13-  75 

14-  93 
10-43 
13-88 

4554-6  

4523-9  

4492  0  

4460-3  

4429-6  

4402-1  

4374-5  

4346-5  

4322-8  



4298-2  





Weighted  mean  +21 . 18 
V.  -  1-29 
Vj  -  0  04 

Correction  to  Standard,—  0-30 

-11-63 

-  2-44 

-  0  04 

-  0-30 

-27-52 

-  2-99 

-  0  04 

-  0-30 

-36-53 

-  3-85 
+  002 

-  0-30 

+23-54 

-  5-67 
+  004 

-  0-30 

-13-53 

-  6-99 
+  004 

-  0-30 

Radial  Velocityj+  19-5 

-  14-4 

-  30-8 

-  40-7 

+  17-7 

-  20-2 

COMPARATOR  MEASURES  OF  (  URS.E  MINORIS  (ill  R). 


3292 

3310 

3326 

3337 

3359 

3372 

3427 

Centre  of  Region. 

Vel. 

Vel. 

Vel. 

Vel. 

Vel. 

Vel. 

Vel. 

4588-3. 

-34-51 

-26-68 

-  9-66 

+  10- 14 

+33-60 

-  0-92 

+24-40 

4538  0 

34-47 

22-26 

16-66 

917 

31-40 

+  5-68 

27-50 

4489-5. 

33-58 

27-77 

17-83 

10-77 

35-21 

+  1-66 

26  12 

4439-8. 

33-71 

28-60 

21-15 

12-55 

29-40 

+  4-32 

24-31 

4398-1 

33-61 

27 -IN 

14-96 

10-47 

29-13 

+  3-74 

27-30 

4356-8 

33-42 

21-83 

22  05 

11-37 

29-52 

+  4-9S 

28-78 

4316-6 

36-19 

24-71 

18-30 

8-46 

25  04 

-  1-69 

22-34 

4276-2 

36-30 

23-77 

900 

25-40 

+  1-29 

27  00 

4239-3  

35-82 

23-27 

+  3-98 

4209-9  

32-97 





Weighted  mean 

-34-39 

-24-97 

-17-47 

+  10-41 

+29-52 

+  2-77 

+25-99 

V. 

-  7-60 

-  7-85 

-  7-90 

-  8- 10 

-  8-25 

-  S-23 

-  6-60 

Vd 

+  003 

+  004 

+  001 

+  004 

+  002 

+  0-02 

+  001 

Correction  to  Standard 

+  0-26 

+  0-26 

+  0-26 

+  0-26 

+  0-26 

+  0-26 

+  0-26 

Radial  Velocity 

-  41-8 

-  32-5 

-  25-1 

+  2-3 

+  21-5 

-  5-4 

+  19-6 
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COMPARATOR  MEASURES  OF  e  URS.E  MINORIS  (i). 


Centre  of  Region. 

3426 
Vel. 

3435 
Vel. 

3439 
Vel. 

344S 
Vel. 

3455 
Vel. 

3461 
Vel. 

3463J 
Vel. 

4590  '.  

+  15-74 
11-82 

19-  50 
18-15 

16-  60 
21-26 

17-  23 

20-  30 

18-  12 
18-77 

-  7-52 
7-22 
1-89 
■00 
1-16 

7-  83 

8-  62 
701 
5-77 

-33-54 
41-40 
36-51 
31-43 

34-  91 
36-32 
35  02 

35-  39 
35-20 
34-68 

-37-65 
30-85 
2S-95 
29  01 
27-35 
37-50 

-28-75 

21-  67 

25-  80 
24-80 

26-  20 
30-21 
30-73 

22-  89 

4525  

4464  

4403  

4349  

4290  

4244  

+27-57 
28-90 

27-  20 

30-  25 
29  06 

28-  01 

31-  70 
31-03 
24-53 

+  9-20 

10-  70 

11-  48 

4-  65 
6-71 
2-69 

5-  20 

4199  

4148  

4101  

Weighted  mean 

v„ 

Correction  to  Standard 

4-28-40 
-  6-60 
+  002 
4-  0-26 

+  18-07 
-  6-43 
+  001 
+  0-26 

+  7-05 
-  616 
•00 
+  0-26 

-  5  00 

-  5-9S 
+  002 
+  0-26 

-35-40 
-  5  04 
+  002 
+  0-26 

-31-85 

-  4-35 

-  0  02 
+  0-26 

-26-42 
-  4-25 
+  001 
+  0-26 

Radial  Velocity 

+  22-1 

+11-9 

+  11 

-  10-7 

-  40-2 

-  36  0 

-  30-4 

"~          COMPARATOR  MEASURES  OF  t  URS.E  MINORIS  (i). 

Centre  of  Region. 

3470 
Vel. 

3476 
Vel. 

3492 
Vel. 

3495 
Vel. 

3554 
Vel. 

3566 
Vel. 

3611 
Vel. 

4590  

+  5-48 
2-62 
1-26 
302 
1-75 
-00 
•54 
6-76 
1-50 

+  14-44" 
1700 
19-37 
14-55 

19-  57 
12-93 

20-  29 
18-02 

-2i-67' 
25-80 
20-57 

20-  94 
18-45 

21-  01 

20-  28 

21-  53 
17-31 

-23-98 
24-94 

26-  42 

27-  21 
27-91 
29-62 
26-93 
27  02 

-27-40 

29-  53 

30-  20 
28-42 

31-  41 
30-74 
28-55 
27-04 
28  04 

+  2-05 

5-  91 

8-  81 

9-  15 
9-35 
4-47 

10-70 
10-40 

6-  51 
10-51 

4525  

4464  

4403  !  

4349  

4290  

4244  

4199  

4148  

-36-73 
51  00 
49-59 
49-45 
47-52 
4416 
49-92 

4101  



Weighted  mean 

v„ 

Correction  to  Standard 

4-  2-58 
-  3-39 
•00 
4-  0-26 

+  17-22 

-  2-75 

-  001 
+  0-26 

-20-71 

-  0-88 

-  001 
+  0-26 

-26-91 

-  0-61 

-  001 
+  0-26 

-29  01 
+  4-38 
-  0  03 
+  0-26 

-47  04 
+  5-38 
+  0-02 
+  0-26 

+  7-90 
+  7-20 
-  0  02 
+  0-26 

Radial  Velocity 

-  0-5 

+  14-7 

-  21-3 

-27-3 

-  24-4 

-  41-4 

+  15-3 
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U'MI'ARATOR  MKASfllKS  <H'  e  I'RS.E  MINORIS  (i). 


r^Antrp  rtf  KAffinn 

3630 
Vel. 

3732 
Vel. 

Vel. 

Vel. 

Vel. 

Vel. 

Vel. 

4590  

-23-30 
28-87 
27-89 
27-81 

23-  27 

24-  60 
24  SO 
20-80 
26  04 

-  5-48 
+  3-94 
+  7-55 
+  3-02 
+  2-91 

-  2-80 
+  2-15 
+  1-56 

4525  

4464  





4403  

4290  

4244  

4199  

4148  







Weighted  mean 
V. 
V,, 

Correction  to  Standard 

-25- 14 

4-  1-63 

+  7-67    ,+  8-09 
-  0  02     -  0  03 
+  0-26     +  0-26 





Radial  Velocity 



-17-2      4-  10-0 

Collecting  together  the  above  measures  we  have  the  following  table  in  which, 
in  addition  to  the  platejnumber,  the  dispersion,  the  Julian  date,  and  the  velocity, 
we  have  the  phase  andfthe  residual  (0-C)  computed  from  the  final  elements. 
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MEASURES  OF  e  URS.E  MINORIS. 


Plate 

Tn ii  an   Tl  'i  t.p 

J  Ull  till     -L-'tl  UC. 

Phase. 

Tf  ,  ■ _  ■  .  1 1 1  g  I 
IVCblUUvll 

\  1 1 nihpr 

o  -  c. 

1418 

TTT  T 

9  418  0°1  -7"' 

21-72 

—41-2 

1454 

035-73 

—  12-3 

—  2-0 

1516 

u 

066-85 

27-368 

—43-9 

—  2-15 

1530 

u 

077-73 

38-248 

+  3-6 

4-  1  .2 

a 

087 • 77 

8-806 

+17-3 

4-  0-^ 

1587 

u 

099-79 

20-826 

—35-3 

—  0-6 

1868 

u 

192-62 

34-992 

—  15-3 

—  1-5 

2917 

III  s 

609-58 

17-35 

—  17-9 

4-  2-3 

3023 

652-44 

20-728 

—32-6 

3042 

tt 

659-46 

27-748 

—43-2 

—  20 

3053 

a 

668-44 

36-72S 

—  1-6 

—  3-5 

3067 

u 

671-47 

0-276 

+  9-3 

+  0-6 

30M 

u 

676-47 

5-276 

+20-9 

+  0-15 

30S4 

u 

679-45 

8-256 

+19-5 

4-1-1 

3117 

tt 

6S7-46 

16-266 

—  14-4 

+  0-6 

3131 

u 

691 -47 

20-276 

—30-8 

4-  1  -Q 

3151 

tt 

697 • 9S 

26-786 

—40-7 

4-1-7 

3183 

a 

713-73 

3-054 

-I-17-7 

•0 

3224 

« 

727-65 

16-974 

—20-2 

—  1-8 

3292 

III  R 

736-82 

26- 144 

—41-8 

4-1-0 

3310 

741 -72 

31044 

—32-5 

—  0-6 

3326 

« 

742-91 

32-234 

—25  •  1 

4-  1  -Q 
-t  " 

3337 

tt 

748-70 

38-024 

+  2-3 

4-  10 

3359 

u 

7-632 

4-91  -T 

4-  9.1 

3372 

tt 

764-78 

14-622 

—  5-4 

4-1-1 

3426 

I 

797 -69 

S-05 

+22-1 

4-  'i-i 

3427 

III  R 

797-75 

811 

+19-6 

+  10 

3435 

I 

799-77 

10- 13 

+11-9 

-  1-4 

3439 

tt 

802-78 

1314 

+  11 

+  01 

344S 

ti 

804-69 

15-05 

-10-7 

-  21 

3455 

U 

811-70 

22  06 

-40-2 

-  1-7 

3461 

U 

819-85 

30-21 

-360 

-  10 

3463 

820-70 

3106 

-30-4 

+  1-4 

3470 

« 

827-72 

38-08 

-  0-5 

-  21 

3476 

832-75 

3-628 

+14-7 

-  4-2 

3492 

tt 

846-70 

17-578 

-21-3 

•0 

3495 

« 

848-70 

19-578 

-27-3 

+  2-6 

3554 

tt 

886-77 

18-166 

-24-4 

+  0-6 

3566 

u 

895-70 

27-096 

-41-4 

+  0-7 

3611 

tt 

916-67 

S-5S4 

+15-3 

-  2-2 

3630 

tt 

924-52 

16-434 

-17-2 

-  1-6 

3732 

957-56 

9-992 

+  10-0 

-  3-7 

*  III  L  10-1,  III  S  18-6,  III  R  20-2,  I  33-4  tenth-metres  per  mm.  at  Hy. 


The  period  was  soon  seen  to  be  in  the  neighbourhood  of  40  days,  and,  when  all 
the  observations  were  plotted  and  compared  with  the  early  measures  of  Campbell 
in  1897  and  1899,  the  period  was  finally  accurately  determined  as  39.482  days,  which 
can  hardly  be  in  error  more  than  one  figure  in  the  last  place.  The  initial  epoch  was 
taken  as  Julian  Day  2,418,000  and  with  this  and  the  period  of  39.482  days  the  phases 
given  in  the  fourth  column  were  computed. 
25a— 8 
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As  it  was  intended  to  apply  a  least -squares  correction  to  the  graphically  deter- 
mined orbit,  the  above  42  plates  were  collected  into  14  normal  places  well  distributed 
over  the  velocity  curve  and  with  no  great  difference  of  phase  in  any  one  group. 
Through  these  normal  places  various  velocity  curves  with  slightly  differing  values 
of  the  elements  were  rapidly  drawn  by  your  graphical  method.  The  curve  best 
fitting  the  observations  had  the  following  values  for  elements: — 

Period,  U  =  39.4S2  days 
Eccentricitv,  e  =  0.05 
Half  Amplitude,  A' =  32.0  km. 
Long,  of  Apse,  u>  =  0° 

Time  of  Periastron,  T  =  5.75  days  =  Julian  Day  8,005.75 
Velocity  of  System,  y  =  — 12.1  km. 
Greatest  Positive  Velocity,  V,  =  4-21.5 
"      Negative      "  iV3=-42.5. 

The  phase  from  periastron  of  the  normal  places  given  in  the  table  below  was  ob- 
tained from  the  above  value  of  the  time  of  periastron  passage,  and  the  preliminary 
residuals  were  computed  from  the  above  elements  by  the  help  of  Astrand's  tables. 


NORMAL  PLACES  OF  e  VRS.E  MINOR1S. 


No.  of 

Phase. 

Phase  from 

Velocity. 

Residual 

Residual 

Wt. 

Eph.-Eqn. 

Group. 

Periastron. 

Preliminars1 

Corrected. 

1 

7-907 

2-157 

+20-86 

-1-70 

-1-79 

\ 

+  03 

2 

8-586 

2-836 

+  17-70 

-008 

+001 

-05 

3 

100S4 

4-334 

+  11-27 

+  1-49 

+2-24 

i 

-.OS 

4 

14- 128 

8-378 

-  3-23 

-2-83 

-0-68 

1 

3 

—05 

5 

16  056 

10-306 

-14-80 

-103 

+  117 

h 

+  13 

6 

17-392 

11-642 

-19S3 

-2-42 

-0-47 

3 
4 

+  •06 

7 

20- 106 

14-356 

-31-58 

-1-53 

-0-56 

1 

3 

+  04 

8 

21-132 

15-382 

-35-92 

-0-38 

+0-22 

2 
3 

+  07 

9 

27-021 

21-271 

-42-39 

+0-57 

+0  13 

1 

•00 

10 

31-267 

25-517 

-3106 

-0-74 

-004 

2 

4 

+  07 

11 

35-361 

29-611 

-13-80 

+011 

+  1-74 

1 
f 

+  01 

12 

37-791 

32  041 

+  1-59 

-2-88 

-1-48 

1 

—05 

13 

1-761 

35-493 

+  1300 

+  103 

+1-25 

a 

3 

—05 

14 

5-276 

39  008 

+20-90 

+0-49 

-0-11 

* 

—01 

From  these  normal  places  and  the  preliminary  elements  given  above,  observa- 
tion equations  were  computed  by  the  method  of  Lehmann-Filhes.*  When  the 
eccentricity  is  very  small,  experience  has  shown  that  it  is  quite  useless  to  carry  through 
corrections  for  both  <»  and  T.  Moreover,  the  period  was  considered  determined, 
and  hence  equations  connecting  the  values  of  Sy,  8K,  be  and  6<d  with  the  residuals 
were  computed. 


*  A.  N.  3242. 
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OBSERVATION  EQUATIONS  e  VRSM  MIKORIS. 


Sy 

SK 

KSe 

K5u 

V 

Weight. 

Sura. 

1-00 

+ 

•979 

+ 

•719 

•370 

-  1-70 

1 

2 

+  -628 

+ 

•929 

+ 

•533 

•477 

-  0  08 

2 
3 

+  1-905 

■ 

+ 

•777 

+ 

•037 

•6S6 

+  1-49 

1 
3 

+2 -618 

+ 

•189 

•973 

■990 

—  2-83 

* 
1 
2 

-3-604 

•116 

•941 

•986 

-  103 

-2-073 

a 

•317 

•718 

•930 

-  2-42 

3 
4 

-3-385 

a 

•656 

+ 

•014 

•708 

-  1-53 

i 

-1S60 

•756 

+ 

•303 

•591 

-  0-38 

2 
3 

-  -414 

•926 

+ 

■906 

+ 

•219 

+  0-57 

1 

+  1-769 

■615 

•098 

+ 

•746 

-  0-74 

a 

4 

+  -293 

K 

■050 

•980 

+ 

•995 

+  0-11 

i 

+  1075 

+ 

•338 

•853 

+ 

•958 

-  2-88 

i2 

-1-437 

U 

+ 

•817 

+ 

•157 

+ 

•642 

+  103 

2 

5 

+3-646 

it 

+  1  046 

+ 

•986 

+ 

•0S3 

+  0-49 

X 
8 

+3-605 

The  above  observation  equations  gave  the  following  normals: — 


8-292  x 

-  -094  y 

—  '673  z 

-  -328  u 

-6-759 

=  0 

-  -094  x 

+  3781  y 

-  -149  2 

+  -206  u 

+  -118 

=  0 

-  -673  x 

-  -149  y 

+3-829  z 

-  -239  u 

+5-133 

=  0 

-  -328  x 

+  '206  y 

-  -239  z 

+4-478  u 

+  1293 

=  0 

where  x  = 

Sy 

y  = 

5K 

z  = 

K5e 

u  = 

K5w 

Their  solution  gives  the  following  values  to  the  corrections: — 

Sy  =  +7022 

5A'  =  -  -04G 

be  =  --0387 

8w  =  - -0094  =-0° -54 

Applying  these  corrections  to  the  preliminary  values  above,  we  obtain  the  following 
elements  for  e  Ursae  Minoris  with  their  probable  errors: — 

Period,  U  =  39.482  days 
Eccentricity,  e  =  0.0113 ±.0103 
Half  Amplitude,  A  =  31.954  km. ±.330  km. 
Longitude  of  Apse,  u,  =  359o.4G±0°.55 
Velocity  of  System,  7=  -11.398±.224  km. 
Time  of  Periastron  Passage,  T  =  J.  D.  2,418,005.75 
Greatest  Pos.  Velocity  N,=  +20.918 
Neg.       "     N„=  -42.990 


Projection  of  Semi-Axis  Major  a  sin  i=  17,346,000  km.  This  solution  has 
resulted  in  the  reduction  of  2pv!  from  20.80  to  9.21  and  from  this  we  get  the  pro- 
bable error  of  a  normal  place  of  unit  weight  as  ±0.64  km.  per  second. 
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The  residuals  in  (lie  table  of  measures  above  were  obtained  by  careful  scaling 
from  the  final  velocity  curve.  The  probable  error  of  a  plate  was  computed  from 
these  residuals  with  the  following  values: — 

Probable  error  average  plate,  ±1.23  km. 

"  "    three-prism  plate,        ±1.11  " 

"  ■    one-      "        "         ±1.64  " 

Considering  the  quality  of  most  of  the  plates  and  the  fact  that  the  best  of  the  three- 
prism  plates  were  made  on  the  coarse-grained  'sigma'  emulsion,  and  with  a  dis- 
persion of  17.6  and  20.2  A  per  millimetre  at  Hy  these  values  are  as  low  as  could 
reasonably  be  expected.  Moreover,  the  three-prism  and  one-prism  probable 
errors  bear  about  the  same  relation  to  one  another,  as  that  obtained  in  the  investiga- 
tion upon  the  'Probable  Errors  of  Radial  Velocity  Determinations'  described  in  last 
year's  report. 

Furthermore,  an  examination  of  the  run  of  the  residuals  for  the  different  dis- 
persions gives  no  indication  of  any  systematic  difference  in  the  velocity  measures 
obtained  from  different  spectrographs. 

The  velocity  curve  corresponding  to  the  final  elements  with  the  positions  of  the 
normal  places  plotted  as  circles  is  shown  in  Fig.  1. 


Solar  Research. 


As  is  evident  from  previous  reports,  the  progress  made  in  work  with  the 
coelostat  telescope  and  solar  spectrograph  has  not  been  as  good  as  could  be  wished. 
This  has  been  due  to  a  variety  of  causes,  to  delay  in  the  completion  of  the  coelostat 
house  and  connecting  tunnel,  to  the  floor  of  the  laboratory  being  torn  up  for  the 
installation  of  pipes  and  pump  for  draining  the  meridian  circle  piers,  and,  after  this, 
to  the  fact  that  only  an  inferior  grating  could  be  obtained  for  use  in  the  spectro- 
graph. The  investigation  into  the  properties  of  this  grating  is  described  by  Dr. 
De  Lury  in  Appendix  D,  and  need  not  be  entered  into  here.  The  curious  focal 
properties  it  possesses  are  not  of  so  much  moment  as  the  fact  that  it  gives  poor  defini- 
tion and  cannot  be  satisfactorily  used  for  the  determination  of  the  solar  rotation, 
the  principal  problem  for  whi  ch  it  was  planned  to  use  the  equipment.  Fortunately, 
we  were  able  to  obtain  from  Prof.  Michelson  a  large  plane  grating  in  April  of  last 
year,  whose  properties  are  also  fully  described  in  Appendix  D.  It  will  suffice  to 
state  that  it  gives  excellent  definition  and  is  very  bright  in  the  second  and  third 
orders  on  one  side,  but  has  considerable  astigmatism  and  gives  considerable  diffused 
light,  so  that  the  spectrum  lines  are  partially  blocked  up,  the  contrast  diminished, 
and  the  ease  and  accuracy  of  their  measurement  decreased. 

When  this  grating  arrived  I  felt  that  it  was  necessary  to  get  the  equipment 
into  active  and  useful  work  as  soon  as  possible,  and,  in  order  to  hasten  matters, 
determined  to  devote  a  considerable  portion  of  my  time  to  working  with  Dr.  De 
Lury  in  the  large  amount  of  experimental  investigation  necessary  for  determining, 
first  of  all.  the  most  advantageous  conditions  of  use  of  the  grating,  and  secondly,  the 
exacting  instrumental  precautions  necessary  in  obtaining  accurate  values  of  the 
solar  rotation.  I  was  enabled  to  spend  considerable  time  at  this  work,  because 
the  radial  velocity  work  had  become  fairly  well  systematized,  the  experimental  stage 
had  passed,  and  the  observation  and  measurement  had  taken  on  more  of  a  routine 
character  than  had  been  the  case  heretofore. 
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A  short  account  of  the  various  steps  taken  and  experiments  conducted  during 
the  year  may  be  of  interest.  The  new  grating  was  received  about  the  middle  of 
April,  and  some  visual  tests  of  its  focal  properties  were  made  by  Dr.  De  Lury. 
Early  in  May  the  photographic  testing  of  its  properties  began,  and  it  was  soon  dis- 
covered that  its  astigmatism  was  due  to  the  lines  of  the  ruling  being  crooked,  so 
that  when  about  two-fifths  of  the  length  of  the  lines  at  one  end  are  occulted,  the 
astigmatism  entirely  disappears.  Our  diagnosis  of  the  trouble  was  acknowledged 
correct  by  Prof.  Michelson  when  I  met  him  in  August.  He  said  the  crookedness 
of  the  lines  was  due  to  the  fact  that  the  machine  had  been  mostly  used  for  ruling 
gratings  with  lines  about  6  cm.  long,  and  that  portion  of  the  slide  became  more  worn 
than  the  rest.  When  a  line  11  cm.  long  was  ruled,  as  in  this  grating,  the  different 
conditions  at  different  parts  of  the  slide  produced  a  bend  in  the  line,  which  caused 
the  diffracted  spectrum  to  be  displaced  in  a  direction  parallel  to  the  lines,  to  the 
amount  of  about  1  mm.  in  a  focal  length  of  nearly  7000,  or  about  30  seconds  of  arc. 
The  superposition  of  the  spectra  from  these  two  parts  of  the  ruling  gave  the  astig- 
matic appearance  at  the  edges  of  the  spectra.  The  definition  given  by  this  grating 
is  excellent,  its  chief  defect  seeming  to  be  an  excessive  amount  of  diffused  light  which 
tends  to  block  up  the  absorption  lines  and  reduce  the  ease  and  accuracy  of  measure- 
ment. Experiments  were  then  undertaken  to  determine  whether  diminishing  the 
width  of  the  ruling  from  either  side  would  help  matters,  and  it  was  found  that 
successive  improvement  was  noticed  as  more  and  more  of  the  ruling  at  one  side  was 
occulted  until  after  5  cm.  was  cut  off,  when  no  appreciable  improvement  appeared. 
Consequently,  one  corner  of  the  grating  was  used  of  an  area  about  6  by  8  cm. 
instead  of  the  original  area  11  by  13  cm.  Nevertheless,  owing  to  the  brilliancy  of 
the  grating,  the  exposure  times  are  still  comparatively  short,  about  30  seconds  in 
the  third  order  at  the  limb  of  the  sun  in  the  region  a  4500.  The  position  of  the 
grating  in  its  holder  and  on  its  rotating  carriage  was  changed  to  bring  the  used  por- 
tion centrally  within  the  beam  of  light  coming  from  the  collimator. 

Having  obtained,  after  nearly  two  months'  experimenting,  the  best  conditions 
of  use  of  the  grating,  our  energies  were  turned  towards  obtaining  spectra  for  the 
determination  of  the  solar  rotation.    The  region  with  centre  at  a  4500,  and  extend- 

o 

ingonthe  12-inch  plates  used  upwards  of  100  A  or,  each  side,  was  selected  primarily 
for  observation.  This  region  contains  numerous  well-defined  lines,  is  well  within 
the  range  of  sensitiveness  of  the  fine-grained  Seed  process  plates  proposed  to  be 
used  with  it,  and  is  at  a  different  place  from  any  regions  previously  investigated. 

My  experience  in  stellar  radial  velocity  investigations  had  shown  the  necessity 
of  the  greatest  care  being  taken  in  observations  of  this  nature  to  prevent  spurious 
systematic  displacements  of  the  lines,  which  may  arise  from  a  large  number  of 
causes.  In  stellar  spectroscopy  we  have  found  that  relative  displacements  of  stellar 
and  comparison  lines  may  arise  from  temperature  changes,  from  flexure  of  the  spec- 
trograph, from  faulty  guiding  resulting  in  the  star  image  not  being  on  the  whole 
symmetrically  situated  with  respect  to  the  slit,  from  non-uniform  illumination  of  the 
objectives  and  prisms  by  star  or  spark  light,  from  imperfect  focussing  of  the  camera 
and  probably  from  other  causes  as  well.  It  was  very  important,  therefore,  in  the 
.case  of  the  solar  rotation  where  the  Doppler  displacements  are  relatively  small,  to 
ensure  that  no  spurious  displacements  occurred.  The  first  rotation  plates  made 
were  consequently  more  in  the  nature  of  trial  plates  than  for  actual  determinations, 
and  were  made  only  at  the  solar  equator  where  the  displacement  is  greatest  and 
approximately  known. 

Numerous  experimental  rotation  plates  were  made  during  June  and  July, 
and  a  number  of  these  were  measured.  The  general  tendency  of  the  measures 
gave  a  rather  lower  value  of  the  velocity  than  had  previously  been  accepted.  It  may 
be  mentioned  that  one  observer,  Halm,  claims  to  have  found  a  variation  in  the  rate 
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of  rotation,  obtaining  rotational  values  lower  than  given  by  these  plates.  How- 
ever, owing  to  the  fact  that  our  plates  were  experimental  and  taken  under  conditions 
inferior  to  those  with  which  later  plates  were  made,  they  are  not  put  forward  as 
giving  any  definite  value  of  the  rotation,  but  simply  as  examples  of  the  method  and 
to  indicate  the  magnitude  of  the  errors  and  variations  to  be  expected.  The  detailed 
measures  of  some  of  them  are  given  below. 

It  was  soon  found  that  the  principal  difficulty  consisted  in  obtaining  uniform 
illumination  of  the  grating  surface  from  the  two  opposite  limbs.  The  light  from 
opposite  limbs  is  brought  simultaneously  to  positions  side  by  side  on  the  slit  by  two 
pairs  of  reflecting  prisms.  This  device  was  designed  by  myself,  constructed  by  the 
J.  A.  Brashear  Co.,  and  has  been  described  by  De  Lury  in  the  report  of  1908-9, 
p.  252.  Dr.  De  Lury  inserted  screws  through  the  top  of  the  prism  holders  to  enable 
them  to  be  adjusted  for  uniform  illumination  of  the  grating  surface,  but  these  were 
found  insufficient  for  the  exact  adjustment  necessary.  Moreover,  owing  to  the 
narrowness  of  the  small  windows  in  the  guide  plate  (1908-9  report,  p.  253)  which 
admit  light  to  the  prisms  and  which  are  only  slightly  over  a  millimetre  wide,  the 
width  of  the  image  on  the  grating  is  further  limited,  rendering  more  precise  adjust- 
ment necessary  than  would  otherwise  be  the  case.  A  further  difficulty  is  experienced 
in  the  adjustment  of  the  three  prisms  above  the  slit,  two  at  the  east  and  one  at  the 
west,  to  enable  a  strip  of  spectrum  from  the  east  limb  to  be  placed  centrally  between 
two  strips  from  the  west  limb.  It  was  felt  necessary  to  change  the  design  in  some 
way  to  admit  of  more  positive  and  exact  adjustment  of  these  prisms,  and  to  avoid 
the  limiting  of  the  illumination  produced  by  the  narrow  windows  above  mentioned. 
This  was  postponed  until  after  my  return  from  the  meeting  of  the  Solar  Union, 
although  the  general  nature  of  the  improvements  had  been  thought  out  previously. 
They  consisted  essentially  in  mounting  the  prisms  in  small  carriages  adjustable 
in  every  direction,  in  obtaining  new  prisms  to  replace  the  three  used  over  the  slit, 
a  single  one  at  the  west  for  the  east  limb  and  a  wider  notched  one  at  the  east  for 
the  west  limb,  in  the  substitution  of  an  improved  guide  plate  and  in  focussing  the 
solar  image  on  the  slit  instead  of  the  guide  plate  which,  taking  account  of  the  length 
of  path  traversed  by  the  light,  is  optically  about  14  cm.  in  front  of  the  slit.  In 
order  to  make  the  changes  more  readily  understood  the  new  arrangement  on  the 
front  of  the  spectrograph  will  be  described  later. 

Owing  to  the  co-operative  arrangement  entered  into  at  the  Solar  Union, 
details  of  which  are  fully  described  under  the  heading  of  'Committee  Work,'  the 
region  to  be  observed  at  Ottawa  is  from  A  5500  —  X  5700  and  the  general  region  near 
A  4250.  Consequently,  upon  my  return  in  September,  further  experimental  work 
on  the  plates  and  developers  most  suitable  for  these  parts  of  the  spectrum  had  to 
be  undertaken.  The  plates  used  at  A  4500  had  been  the  regular  Seed  Process 
plates  which  have  a  fine  grain  and  are  clean-working.  The  contrast  in  the  resulting 
spectra  was  not  as  great  as  it  should  be,  and,  although  this  was  ascribed  mostly 
to  the  diffused  light  given  by  the  grating,  it  was  thought  that  a  change  of  developer 
or  plate  might  help  matters.  No  material  improvement  resulted  from  change  of 
developer  although  several  different  contrast  formula  were  tried.  I  learned,  how- 
ever, that  the  Seed  Co.  made  a  Contrast  Process  plate  which,  on  trial,  gave  much 
more  vigorous  results  than  the  other,  and  hence  more  suitable  for  the  measurement 
of  spectrum  lines.  This  plate  answers  admirably  for  the  violet  region  at  A  4250, 
but  is,  of  course,  not  sensitive  to  the  yellow  green  at  A  5600. 

I  sensitized  some  of  these  Contrast  Process  plates  by  bathing  in  a  solution  of 
erythrosine.  These,  upon  testing,  were  fairly  suitable,  although  the  sensitiveness 
began  to  diminish  to  the  red  side  of  A  5600,  but,  owing  to  the  troublesome  nature 
of  the  staining  and  drying  process  and  to  the  poor  keeping  qualities  of  the  bathed 
plates,  it  was  felt  that  commercially  orthochromatized  plates  with  fine-grained 
emulsion  would  be  more  convenient  and  satisfactory.    Unfortunately  the  Seed  Dry 
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Plate  Co.  do  not  make  Ortho  Process  plates.  A  trial  of  the  Wellington  and  Cramer 
Orthochromatic  Process  emulsions,  which  were  available,  resulted  in  favour  of 
the  Cramer  as  giving  more  contrast  and  being  somewhat  finer  in  grain,  but  it  is 
decidedly  coarser  than  the  Seed  Contrast,  and  consequently  will  not  give  quite  as 
satisfactory  plates  for  measurement  in  the  A  5600  region  as  the  Seed  Contrast 
Process  does  in  the  A  4250  region.  However,  its  better  keeping  qualities  and  more 
uniform  sensitiveness  in  the  required  region  over  the  bathed  plate  more  than  out- 
weighed the  relative  coarseness  of  grain,  and  it  was  chosen  for  use  at  A  5600. 

It  was  while  these  experiments  were  being  carried  on  that  a  new  grating,  which 
had  been  most  generously  offered  to  us  by  Prof.  Miehelson,  was  received.  A  very 
exhaustive  test  of  this  grating  in  comparison  with  the  one  in  use  was  carried  out,  and, 
without  going  into  details,  it  was  decided  to  keep  the  original  grating  because  of  its 
superior  brightness  and  its  finer  ruling  with  correspondingly  greater  dispersion. 
By  this  time  the  improvements  in  the  reflecting  prism  attachment  and  the  new 
guide  plate  had  been  completed,  and  further  test  rotation  plates  were  made  from 
time  to  time,  measures  of  some  of  which  are  also  given  below.  The  conditions  dur- 
ing the  winter  months  were,  however,  so  inferior  to  those  in  warmer  weather, 
especially  in  regard  to  the  solar  definition  and  the  short  time  available  for  exposure 
during  the  day,  that  no  attempt  was  made  to  get  any  definitive  series  of  rotation 
plates.  Considerable  time  was  spent,  however,  in  obtaining  plates  in  the  region 
around  A  4250  having  impressed  upon  them  an  arbitrary  displacement  of  the  spectral 
lines  of  the  same  order  as  the  Doppler  displacement,  only  produced  by  a  special 
slit  in  such  a  way  that  it  was  bound  to  be  the  same  for  each  line  on  a  plate  and  for 
successive  plates.  The  purpose  was  to  determine  personal  errors  in  measurement 
for  different  lines.  This  investigation  is,  however,  fully  discussed  by  Dr.  De  Lury 
in  Appendix  D,  and  need  not  be  further  referred  to  here  except  to  say  that  measure- 
ments were  made  by  each  of  us  of  12  spectra  from  which  some  interesting  conclusions 
were  drawn. 

Although  the  work  of  the  year  has  not  resulted  in  any  definitive  values  of  the 
solar  rotation,  there  has  nevertheless  been  a  great  deal  of  preliminary  experimental 
work  done  which  has  been  necessary  to  learn  the  best  conditions  of  use  of  the  grating, 
the  best  plate  and  developer,  the  indispensable  instrumental  and  other  precautions 
required  for  accurate  work,  and  many  other  details.  The  measurement  of  the  plates 
secured  has  also  enabled  us  to  learn  something  concerning  the  most  suitable  optical 
system  and  magnification  to  be  used  and  the  personal  and  systematic  errors  to  be 
expected.  We  are  now  ready  to  secure  a  definitive  series  of  rotation  plates  which 
will  be  made  as  soon  as  the  weather  becomes  more  suitable. 

Before  giving  the  measures  of  the  trial  plates  made  during  the  year,  it  will  be 
desirable  to  give  a  short  description  of  the  slit  end  of  the  spectrograph,  which  has 
been  considerably  altered  during  the  year. 

In  designing  the  new  apparatus  it  was  deemed  essential  to  avoid  the  limiting 
of  the  pencil  incident  upon  the  prisms  by  the  narrow  openings  in  the  old  guide  plate, 
which  had  cut  off  some  of  the  marginal  pencils.  Indeed,  as  they  were  only  slightly 
over  a  millimetre  wide,  as  the  optical  path  between  them  and  the  slit  was  between 
13  and  14  cm.  and  the  focal  length  of  the  collimator  objective  about  700  cm., 
23  feet,  it  is  evident  that  the  width  of  the  pencil  transmitted  through  them  on  the 
collimator  and  grating,  omitting  diffractional  spreading,  will  be  TJy  X  700  =  5.2 
cm.  The  actual  width  of  the  used  surface  of  the  grating  is  8  cm.  The  inclination 
of  the  grating  reduces  this  somewhat,  so  that  the  projected  width  is  in  the  neigh- 
bourhood of  7  cm.  If  the  pencil  from  the  mirror,  which  is  18  inches  diameter  and 
80-foot  focus,  goes  through  unobstructed,  the  diameter  of  the  beam  on  the  grating 
will  be  f  £  X 18  =  5.2  inches,  or  13  cm.  This  diameter  would  require  a  width  of  window 
in  the  guide  plate  approximately  2.5  mm.  Such  a  size  of  opening  would  render  the 
effective  position  of  the  point  on  the  sun's  image  from  which  the  light  was  taken, 
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consequently  the  latitude  and  distance  from  the  limb,  uncertain.  It  was  consequently 
felt  preferable,  which  opinion  was  confirmed  by  learning  the  experience  of  other 
observers  at  the  Solar  Union  meeting,  to  avoid  limiting  the  pencil  at  the  prisms 
but  to  focus  the  sun's  image  on  a  point  as  far  behind  the  prisms  as  the  distance  of 
the  optical  path  between  its  first  incidence  on  the  prisms  and  the  slit— in  other 
words,  to  bring  the  focus  on  the  slit  itself.  Then  the  area  on  the  sun's  surface  from 
which  the  light  is  taken  is  limited  to  the  length  and  width  of  the  slit  and  there  is 
no  diaphragming  of  the  pencils;  hence  the  diameter  of  the  beam  incident  upon  the 
collimator  objective  and  grating  is  13  cm.,  a  factor  of  safety  of  nearly  two.  The 
distance  from  the  limb  at  which  the  light  is  taken  is  determined  by  measuring 
the  distance  apart  of  two  wires  or  strips  placed  in  front  of  the  outside  prisms  which 
east  shadows  centrally  on  the  circles  of  light  thrown  on  the  grating.  This  distance 
has  to  be  increased  slightly,  by  an  amount  readily  calculated,  owing  to  the  distance 
of  the  wires  optically  in  front  of  the  slit  and  the  consequent  speading  of  their  shadows 
at  the  slit. 

A  diagrammatic  representation  of  the  reflecting  prism  arrangement  is  shown  in 
Fig.  2,  where  A  and  B  are  the  prisms  receiving  light  from  the  west  and  east  limbs 
of  the  sun  respectively,  and  C  and  D  the  prisms  above  the  slit  which  reflect  the  light 
down  through  the  slit  in  the  manner  shown.  As  stated  before,  the  centre  prisms 
were  replaced  by  new  ones  last  fall.  Formerly  the  function  of  C  was  fulfilled 
by  two  prisms  similar  to  D  which  were  considerably  more  difficult  to  adjust,  and  a 
single  prism  with  a  notch  cut  in  it,  as  shown,  was  substituted.  The  two  pencils 
from  the  west  limb  passing  through  the  slit  are  then  bound  to  produce  coincident 
circles  of  illumination  on  the  collimator  objective.  The  method  of  adjusting  these 
prisms  is  clearly  shown  by  the  plan  and  elevations.  Each  prism  is  mounted  in  a 
small  brass  box  and  adjusted  laterally  in  these  boxes  by  the  adjusting  screws,  E,  E, 
at  the  one  side.  A  spring  at  the  opposite  side  keeps  constant  pressure  against 
the  adjusting  screws,  while  a  spring  at  the  top  keeps  them  seated  on  apiece  of  blot- 
ting paper  at  the  bottom.  The  adjustment  of  the  boxes  is  effected  in  the  one  plane 
by  rocking  on  the  knife  edges,  F,  F,  shown  in  the  upper  elevation,  by  means  of  the 
screws,  H,  H,  and  in  the  plane  perpendicular  to  this  by  the  adjusting  screws,  I,  I, 
and  opposing  springs,  S,  S,  shown  in  the  lower  elevation.  The  plates  on  which  the 
adjustable  holders  of  the  outer  prisms  are  fastened  are  movable  in  and  out  by  rack 
and  pinion  to  vary  the  distance  from  the  limb  at  which  the  light  is  taken,  and  the 
plate  on  which  the  holders  of  the  two  centre  prisms  are  fastened  is  also  movable 
by  rack  and  pinion  to  enable  the  centre  strip,  the  one  from  the  east  limb,  to  be  made 
wider  or  narrower,  the  width  of  the  outer  strips  being  changed  by  occulting  plates 
sliding  in  grooves  just  below  the  prism.  However,  it  was  soon  decided  to  make  all 
three  spectra  of  the  same  width,  about  0.8  mm.,  separated  by  spaces  about  0.5  mm. 
to  ensure  absolutely  uniform  conditions  for  measurement.  This  was  effected  by 
removing  the  occulting  plates  just  mentioned  and  inserting  a  single  plate  with  three 
slots  0.8  mm.  wide  cut  in  it,  these  slots  being  separated  by  spaces  of  0.5  mm.  This 
not  only  ensures  absolute  uniformity,  but  prevents  any  stray  light  reflected  from  the 
edges  of  the  prisms  from  causing  trouble.  The  arrangement  has  been  found  to 
answer  admirably,  not  only  in  the  uniformity  of  the  spectra  produced  and  in  ease 
of  adjustment,  but  also  the  placing  of  the  narrow  strip  from  one  limb  exactly  midway 
between  two  strips  of  the  same  width  from  the  other  limb,  ensures  ease  and  accuracy 
of  measurement,  as  the  measured  displacement  has  no  dependence  on  the  orienta- 
tion of  the  wire. 

This  prism  arrangement  projects  about  5  cm.  in  front  of  the  front  plate  of  the 
spectrograph,  and  is  covered  and  protected  from  dust  and  injury  by  the  guide  plate 
shown  in  Fig.  3.  This  guide  plate  consists,  in  reality,  of  two  plates.  The  first  is 
a  rectangular  brass  plate,  A,  A,  about  2  mm.  thick,  which  is  rigidly  attached  to  four 
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brass  studs  5.5  cm.  long,  screwed  into  the  front  plate  of  the  spectrograph  by  nn-ans 
of  the  screws,  B,  B.  Dowel-pins  in  two  of  these  studs  ensure  that  if  the  plate  is 
taken  off  it  will  ret  urn  to  exactly  the  same  position.  The  second  is  a  plate,  C,  C, 
of  circular  form  attached  to  t  he  base  plate  by  three  screws,  D,  D.  The  holes  through 
the  plate  are  considerably  larger  than  the  screws,  allowing  movement  under  the 
washers  shown  and  final  clamping  when  the  adjustment  is  completed.  A  dour  in 
the  centre  admits  of  adjusting  the  centre  prisms  and  changing  the  width  of  the  slit 
without  removing  the  whole  plate.  Light  is  admitted  to  the  outer  prisms  through 
two  openings,  E,  E,  in  small  rectangular  brass  plates  sliding  in  ways  underneath  the 
plate,  C,  C.  The  large  opening,  F,  F,  cut  in  C,  C,  being  sufficiently  long  to  allow  the 
light  to  be  taken  at  any  distance  from  the  limb  up  to  nearly  one-third  the  radius. 
The  openings,  E,  E,  are  about  4  X6mm.,  sufficiently  wide  to  avoid  any  danger  of 
limiting  the  pencil,  and  yet  small  enough  to  prevent  much  dust  getting  into  the 
prisms.  A  further  protection  is  given  by  the  yellow  filters  used  in  the  a  5600  region 
to  absorb  the  violeto  fhigher  orders,  which  are  placed  in  the  brass  receptacles,  G,  G. 

For  the  purposes  of  adjustment  ,  the  centre  line,  H,  H,  and  the  dark  circle  228 
mm.  diameter,  the  mean  size  of  the  solar  image,  near  the  periphery  of  the  outer 
plate  are  ruled  on  the  brass.  The  outer  prisms  and  the  openings,  E,  E,  are  adjusted 
until  they  are  the  desired  distance  from  the  limb  and  equidistant  from  this  dark 
circle,  from  the  centre  of  the  plate  and  the  slit.  The  actual  positions  at  which  the 
light  enters  these  prisms  is  obtained  by  sliding  a  vertical  wire  or  narrow  tongue  of 
brass,  less  than  a  millimetre  wide,  in  front  of  E,  E,  and  observing  the  shadow  cast  on 
the  circle  of  illumination  on  the  collimator  and  grating  through  an  opening  in  the 
camera  back  behind  the  slot,  I,  which  is  placed  there  to  allow  the  use  of  an  eyepiece. 
Then,  by  using  a  horizontal  occulting  strip,  the  centreline,  H,  H,  is  adjusted,  by 
loosening  the  screws,  D,  D,  to  be  directly  over  the  centre  of  the  points  where  light 
enters  the  prisms.  Hence  we  are  sure,  if  the  sun's  image  is  kept  concentric  with  the 
circle,  that  light  is  being  taken  from  two  points,  on  a  diameter  of  the  sun,  equidistant 
from  the  limb.  For  convenience  in  obtaining  the  east  and  west  line,  a  plate  of  thin 
celluloid,  K,  K,  on  which  is  ruled  a  black  line,  L,  L,  is  adjustably  attached  to  the 
base  plate,  the  line,  L,  L,  being  made  accurately  parallel  to  H,  H. 

It  is  evident,  when  these  adjustments  have  been  made,  that  the  observed  read- 
ing of  the  graduated  circle  on  the  end  of  the  spectrograph,  when  the  limb  of  the  sun 
drifting  across  the  guide  plate  remains  tangent  to  L,  L,  corresponds  to  the  position 
where  the  light  entering  the  slit  comes  from  a  diameter  of  the  sun  due  east  and  west. 
If  the  spectrograph  be  rotated  by  the  amount  given  in  the  ephemeris  as  the  position 
angle  of  the  sun's  axis,  it  is  evident  that  the  observed  points  on  the  solar  disc  are 
at  right  angles  to  the  axis  and  along  a  diameter  and,  if  the  pole  of  the  sun  is  in  the 
limb,  are  on  the  solar  equator.  All  that  is  now  necessary  to  make  a  rotation  plate 
for  any  latitude  is  to  rotate  the  spectrograph  through  the  required  position  angle 
and  keep  the  sun  guided  centrally  on  the  guide  plate  during  the  exposure. 

MEASURES  OF  PLATES. 

Of  the  numerous  test  plates  made  during  the  year,  practically  all  at  the  solar 
equator,  a  number  were  selected  for  measuring,  the  selection  being  made  on  the 
basis  of  the  most  suitable  intensity  for  measurement  of  a  number  from  each  series, 
and  the  measures  of  20  of  these  are  given  below.  As  will  have  been  gathered  from 
what  has  been  given  previously,  each  exposure  contains  three  narrow  strips  of  spec- 
trum each  about  0 . 8  mm.  wide  separated  by  strips  of  clear  glass  about  0 . 5  mm.  wide, 
the  central  strip  of  spectrum  being  from  the  east  limb  and  the  two  outer  strips  from 
the  west  limb  of  the  sun.    As  the  sun  is  rotating  so  that  the  east  limb  approaches 
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and  the  west  limb  recedes  from  us  with  a  velocity  of  about  2  km.  per  second  at  the 
equator,  it  is  evident  that  the  lines  in  the  centre  strip  will  be  displaced  towards  the 
violet  with  respect  to  those  on  the  outside  strips.  This  displacement,  with  the 
dispersion  used  here,  varies  between  55  and  ',10  thousandths  of  a  millimetre  accord- 
ing to  the  region  used  and  the  order  of  the  spectrum. 

In  making  measures  of  these  plates,  all  that  requires  to  be  measured  is  the 
magnitude  of  this  displacement,  a  differential  measurement  only,  and  consequently 
as  the  lines  in  the  strips  are,  or  should  be,  exactly  similar  in  appearance,  one  in 
which  apparently  there  should  not  be  much  danger  of  personal  or  systematic  errors. 
However,  we  had  not  gone  very  far  before  we  began  to  suspect  the  presence  of  such 
errors  and  one  attempt  to  investigate  this  problem  is  given  by  Dr.  De  Lury  in  Appen- 
dix D.  But  the  last  word  has  not  yet  been  said  on  this  question,  and  I  have  no 
doubt  that  it  will  recur  later. 

The  measurements  were  all  made  on  the  special  Toepfer  measuring  machine 
obtained  some  time  ago  for  this  work,  which  has  not  hitherto  been  described.  The 
principle  of  its  action  is  similar  to  that  in  the  machine  used  for  measuring  star 
spectra,  by  the  same  maker,  and  already  described  in  my  report  of  1905— G,  page  62, 
the  optical  parts  being  exactly  the  same.  The  plate  is  placed  on  a  carriage, 
moved  by  means  of  a  micrometer  screw  of  0.5  mm.  pitch  and  of  a  usable  length 
of  300  mm.  Thus  the  whole  length  of  the  plates  made  in  the  solar  spectrograph 
can  be  measured  without  changing  their  position  on  the  carriage.  It  consists 
essentially,  as  can  be  seen  by  the  photograph  (Fig.  4),  of  a  massive  cast-iron  base 
having,  at  the  front,  ways  on  which  the  microscope  carriage  slides.  The  turning 
of  a  clamping  lever  allows  this  carriage  to  be  pushed  along  these  ways  to  any 
position,  indicated  by  a  millimetre  scale.  This  movement  not  only  permits  the 
microscope  to  be  at  once  brought  to  any  desired  position  on  the  plate,  without 
moving  the  main  carriage,  by  means  of  the  micrometer  screw,  which  might  be 
a  rather  slow  process  as  there  are  over  600  turns  in  its  length,  but  also  allows  the 
plate  to  be  rapidly  aligned  on  the  carriage,  as  the  ways  on  which  the  microscope 
slides  are  adjustable  and  can  readily  be  made  exactly  parallel  with  the  ways  on 
which  the  carriage  moves.  The  micrometer  carriage  itself,  which  is  inclined 
at  an  angle  of  about  45°,  rests  on  its  lower  edge  on  a  pair  of  steel  balls  about  a 
centimetre  in  diameter,  which  are  maintained  at  a  fixed  distance  apart  in  the  ways. 
The  latter  consist  of  a  Y-shaped  groove  in  the  base  and  in  the  carriage  which  hence 
moves  by  rolling  friction  very  easily  and  smoothly.  At  the  centre  of  the  upper  edge 
of  the  carriage  a  small  wheel  is  pivoted  which  rolls  along  a  plane  surface  on  the  base. 
Hence  the  movement  of  the  carriage  is  practically  frictionless  and  it  is  easily  kept 
up  to  its  work  by  a  comparatively  small  weight  which  maintains  a  small  constant 
uniform  thrust  on  the  micrometer  screw.  A  hardened  small  spherical  surface  on 
the  end  of  the  micrometer  screw  resting  against  a  hardened  steel  plate  takes  up  this 
thrust,  and  by  this  means  all  back  lash  is  prevented  and  the  screw  and  the  carriage 
work  exceptionally  freely  and  smoothly,  especially  when  the  comparatively  large 
mass  of  the  latter  is  considered.  On  the  main  carriage  are  also  secondary  ways 
parallel  to  the  main  ways  which  permit  the  plate  to  be  adjusted  to  any  desired  posi- 
tion by  a  small  micrometer  screw.  This  secondary  carriage  has  also  a  movement 
of  rotation  to  allow  the  alignment  of  the  spectrum  parallel  to  the  motion  of  the 
carriage,  this  being  effected  by  a  thrust  screw  and  spring.  The  spectrum  plate 
rests  on  a  piece  of  plate-glass  in  the  carriage,  being  held  there  by  spring  clips  and 
capable  of  transverse  adjustment. 

The  micrometer  head,  movable  by  a  handle  for  long  runs  or  by  a  large  or  small 
knurled  head  for  fine  adjustment,  is  divided  into  500  parts.  As  the  screw  is  0.5 
mm.  pitch,  it  reads  directly  to  microns  and  by  estimation  to  tenths  of  microns  or 
0.0001  mm.    Two  rows  of  numbering  on  the  head  facilitate  the  reading  of  the 
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divisions,  while  a  second  auxiliary  head  beside  the  principal  one,  geared  at  the  proper 
rate  enables  single  millimetres  to  be  determined  at  the  same  time.  Divisions  of 
ten  millimetres  are  given  on  a  scale  beside  the  carriage.  An  adjustable  magnify- 
ing glass  over  the  head  enables  the  readings  to  be  made  without  shifting  the  position 
of  the  eyes  to  any  extent. 

The  microscope  is  provided  with  objective  and  ocular  giving  any  range  of  magni- 
fication between  2  and  100,  and  is  focussed  by  rack  and  pinion.  The  reticle  has  two 
parallel  wires  which  can  be  made  to  coincide  or  can  be  separated  any  desired 
distance  and  can  be  given  any  desired  position  angle.  By  rotating  a  knurled  ring 
on  the  microscope  head,  a  pair  of  shade  glasses  limit  the  field  to  any  desired 
width  perpendicular  to  the  wires. 

The  instrument  is  a  magnificent  piece  of  workmanship  and  performs  very 
satisfactorily.  The  only  improvements  that  suggest  themselves  are  a  registering 
attachment  and  a  means  of  more  rapidly  rotating  the  screw  when  long  distances 
are  to  be  moved  over.  The  former  has  been  applied  to  a  later  machine  of  the  same 
design  made  for  the  Astrophysical  Observatory  at  Potsdam  and  must  add  consider- 
erably  to  its  usefulness.  Although  no  tests  of  the  accuracy  of  the  screw  have 
been  made,  yet  if  we  may  judge  from  the  tests  of  similar  screws  by  the  same  makers 
it  is  of  very  high  accuracy.  In  the  manner  of  measuring  the  small  differential 
displacements  in  rotation  work,  any  errors  of  even  comparatively  great  amount 
would  be  compensated,  and  consequently  no  investigation  of  the  screw  has  yet  been 
undertaken. 

The  method  of  measuring  these  plates  is  practically  the  same  as  that  followed 
with  star  spectra.  After  the  plate  is  placed  on  the  carriage  and  adjusted,  a  matter 
of  a  minute  or  so,  the  first  line  to  be  measured  is  brought  under  the  wire.  Four 
settings  are  made  on  the  centre  strip  and  two  each  on  upper  and  lower  strips.  As 
the  appearance  of  the  lines  is  practically  identical,  there  seems  little  chance  for  the 
personal  error  found  when  measuring  both  emission  and  absorption  lines  in  star 
spectra.  In  order  to  avoid  any  possibility  of  this,  however,  after  all  the  lines  have 
been  measured  the  plate  is  reversed  on  the  carriage  and  remeasured.  Even  if 
there  is  no  systematic  difference  between  the  measurements,  one  sees  the  lines 
differently  and  the  measurement  is  for  this  reason,  and  for  the  added  number  of 
settings,  more  accurate. 

The  reduction  of  the  measured  displacements  is  quite  simple.  Although  the 
spectra  given  by  this  form  of  spectrograph  are  not  normal,  the  deviation  from  a 
linear  relation  of  micrometer  value  and  wave  lengths  is  so  small  as  to  be  inappre- 
ciable in  the  range  of  about  200  A  on  a  plate.  Consequently  the  only  thing  necessary 
is  to  obtain  at  say  half  a  dozen  places  on  the  plate  the  linear  dispersion  by  dividing 
the  distance  between  two  lines  by  the  difference  in  wave  length.  Obtaining  in 
the  well-known  way  the  kilometre  value  of  one  millimetre  at  these  regions  and 
plotting  them  on  cross-section  paper  with  wave  length  as  abscissa  and  velocities 
as  ordinates,  these  values  are  found  to  lie,  within  the  errors  of  measurement,  on  a 
straight  line.  Consequently  the  velocity  value  of  a  millimetre  displacement  at  all 
the  lines  measured  can  be  at  once  tabulated  and  we  get  the  constant  multipliers 
of  the  displacements,  giving  the  velocities. 

In  the  region  centre  at  A  4500,  29  lines  were  measured  and  in  the  last  5  plates  at 
A  5600  from  16  to  18  lines.  These  lines  were  selected  to  include  as  many  elements 
as  possible  and  for  their  quality  for  measurement.  The  wave  length,  element,  in- 
tensity and  kilometre  constant  are  given  in  the  following  table.  The  value  of  the 
velocity  in  kilometres  per  second  for  a  displacement  of  one  millimetre  on  the  plate  is 
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in  these  tables  divided  by  two,  so  that  the  double  displacement  due  to  the  spectrum 
lines  from  the  east  limb  being  displaced  to  the  violet  and  from  the  west  limb  an 
equal  amount  to  the  red  is  reduced  to  the  velocities  of  one  limb  with  respect  to  the 
centre. 

After  the  table  of  wave  lengths  are  given  the  mea-sures  of  the  20  plates  selected. 
At  the  head  of  this  table  are  given  the  plate  number  and  the  date  in  eastern  standard 
time.  In  the  first  column  are  the  wave  lengths  of  the  different  lines  measured 
followed  by,  in  parallel  columns,  the  displacement  in  ten  thousandths  of  millimetres 
and  the  velocity  in  kilometres.  At  the  foot  of  the  columns  are  given  the  mean 
velocities  for  the  plates  and  the  probable  error  of  measurement  of  a  single  line 
obtained  from  the  residuals  in  the  well-known  way. 


DATA  OF  LIXES  MEASURED 


Wave  Length. 


4432-736 
4435-321 
4438-510 
4445-641 
4454-552 

4464-  617 

4465-  663 
4484-392 
4489-911 
4502-388 
4508-455 
4512-906 
4518-198 
4523-572 
4527-101 
4531-801 
4.534-953 
4.546  129 
4548 -93S 
4564-211 
1555-662 
4558-827 
4.563-939 
4571 -275 
1572-156 
457S-732 
4590-126 
1602-183 
4603 • 126 


Eat. 


Int. 


Vel.  per 
nun. 
II  Order. 


Vel.  per 
mm. 
Ill  Qrdi  r. 


Fe 

Fe 

Fe 

Fe 

Fe 

Ti? 

Ti 

Fe  I 

Fe 

Mn 

Fe?  , 
Ti  I 

Ti 

Mn? 

Ca? 

Fe 

Ti 

Ca 

Ti 

Ba 

Ti 

a 

Ti 
Mg 
Ti 
Ca 
? 
Fe 
Fe 


33  08 
33  05 
33  03 
32-97 
32-88 
32-76 
32-76 
32-61 
32-57 
32-46 
32-40 
32-38 
32-34 
32  -2S 
32-24 
32-20 
32-18 
32-07 
32-06 
32  00 
31-99 
31-97 
31-92 
31-86 
31-85 
31-80 
31-70 
31-60 
31-5S 


20-64 
20-62 
20-60 
20-55 
20-49 
20-39 
20-39 
20-28 
20-25 
20-15 
20-11 
20-08 
20  04 
20  01 
19-98 
19  94 
19-92 
19-S4 
19-83 
19 -7S 
19-77 
19-75 
19-71 
19-66 
19-65 
19-61 
19-53 
19-45 
19-44 


Wave 
Length. 


Kit. 


[lit. 


5506  095 
5507 -000 
5525 ■ 765 
552S-641 
5544 • 157 
5562-933 
5576-320 
5578-946 
5582-198 
5590-343 
5618 -85S 
5634-171 
5638 -4SS 
5655-715 
5658-097 
5662-744 
5682-869 
5688-436 


.1/;; 

Fe 
Fe 

Mi 
Fe 
Fe 
Fe 
Ni 
Ca 
Ca 
Fe 
Fe 
Fe 
Fe 

Fe 
Na 
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MEASURES  OF  ROTATION  PLATES. 


493a 

493b. 

497a. 

52 

7a. 

527b. 

Line. 

June  21, 11.00 

June  21,  11-00 

June  21,  12  00 

June  30,  10-30 

June  30, 10-30 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

4432-736  

•0539 

i 

X 

■0586 

1-938 

•0867 

1-790 

■0531 

1-756 

•0536 

1-773 

4435-321  

541 

1 
1 

550 

1-818 

921 

1-899 

529 

1-74S 

537 

1-774 

4438-570  

548 

1 
1 

.<in 

olU 

531 

1-754 

891 

1-S35 

532 

1-757 

550 

1-816 

4445-641  

581 

1-915 

913 

1-876 

52S 

1-741 

541 

1-783 

4454-552  

541 

1 

•779 

.546 

1-795 

837 

1-716 

544 

1-788 

539 

1-773 

4464-617  

530 

1 

•738 

546 

1-790 

S50 

1-736 

530 

1-739 

538 

1  •  765 

4468-663  

54S 

1 

795 

577 

1-890 

909 

1-S53 

524 

1-717 

535 

1-753 

4484-392  

539 

1 

4  Oct 

540 

1-701 

836 

1-695 

540 

1-761 

537 

1-752 

44S9-911  

543 

1 

768 

5&5 

1-840 

879 

1-779 

524 

1-707 

548 

1-784 

4502 -38S  

542 

1 

759 

551 

1-788 

88S 

1-790 

547 

1-776 

541 

1  •  ToO 

4508-455  

555 

1 

798 

533 

1-727 

893 

1-795 

552 

1-7S8 

561 

1-817 

4512-906  

551 1 

1 

781 

596 

1-930 

876 

1-759 

558 

1-806 

559 

1-810 

4518- 198  

545 

1 

762 

533 

1-723 

904 

1-811 

540 

1-745 

543 

1  •  755 

554 

1 

788 

ool 

1    T1  1 

95/ 

1  *9l0 

55S 

1-801 

563 

1-817 

45'27  101  

556 

1 

793 

557 

1-796 

913 

1-824 

561 

1-808 

554 

1-786 

A  KQ  i   <r\  1 

541 

1 

742 

563 

1-812 

930 

1-855 

557 

1-794 

552 

l-i<i 

4534-903  

550 

1 

769 

511 

1-741 

885 

1-763 

554 

1-783 

553 

1-780 

4546  129  

545 

1 

74S 

535 

1-716 

905 

1-795 

550 

1-764 

554 

1-776 

4548-938  

5-14 

1 

744 

546 

1-750 

836 

1-658 

555 

1-779 

553 

1-772 

4554-211  

549 

1 

757 

580 

1-S5G 

S80 

1-740 

554 

1-773 

552 

1-767 

4555 • 662  

555 

1 

774 

592 

1-894 

934 

1-846 

543 

1-738 

555 

1-775 

455SS27  

555 

1 

776 

598 

1-912 

S93 

1-764 

561 

1-793 

554 

1-772 

4563-939  

563 

1 

797 

552 

1-761 

870 

1-715 

562 

1-793 

546 

1-713 

4571-275  

546 

1 

740 

570 

1  -815 

887 

1-743 

561 

1-787 

551 

1  •  755 

4572-156  

560 

1 

783 

539 

1-717 

887 

1-743 

544 

1-733 

560 

1-783 

4578-732  

574 

1 

825 

614 

1-952 

968 

1-898 

564 

1-793 

578 

1-S37 

4590-126  

559 

1 

772 

580 

1-838 

824 

1-609 

563 

1-7S5 

519 

1-740 

4602-183  

575 

1 

817 

569 

1-798 

949 

1-845 

576 

1-820 

562 

1-776 

4603-126  

566 

1 

787 

544 

1-71S 

919 

1-7S6 

561 

1-772 

5S1 

1-835 

Means  

1 

776 

1-809 

1-787 

1-770 

1-7S0 

Probable  Error, 

Sinffle  Line 

± 

015 

±•050 

±•018 

±•019 

±  -014 
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measures  of  rotation  plates — (Continued). 


528a. 


531a. 


531b. 


Line. 

Jllly  5 

2 

•50 

July  5 

2.  ^0 

—  du 

July  13,  10-30 

July  13,  11-20 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

Vel. 

4432-736  

•0569 

1-882 

•0570 

1 

885 

•0573 

1-895 

•0538 

1-780 

■0549 

1-816 

4435-321  

559 

1-84S 

572 

1 

S90 

574 

IS!  17 

541 

1-788 

556 

1-837 

4438-570  

569 

1-8S0 

573 

1 

892 

570 

1-882 

556 

1-836 

.534 

1-764 

4445-641  

562 

1-852 

559 

1 

843 

567 

1-869 

542 

1-786 

535 

1-763 

4454-617  

557 

1-832 

565 

1 

858 

563 

1-S52 

565 

1-857 

548 

1-sll-J 

4464-617  

571 

1-873 

575 

1 

886 

577 

1-892 

535 

1-755 

529 

1-735 

4468-663  

571 

1-870 

564 

1 

848 

573 

1-877 

562 

1 -S41 

554 

1 -S14 

44S4-392  

578 

l-ss2 

570 

1 

858 

566 

1-846 

548 

1-787 

561 

1-829 

44S9-911  

581 

1-892 

570 

i 
i 

c-- 

00/ 

572 

1-863 

555 

1  -807 

550 

1-790 

4500  •  3SS 

580 

1-882 

576 

1 

869 

575 

1  Still 

556 

1-805 

551 

1-788 

588 

1-905 

571 

1 

S50 

574 

1-Stit) 

559 

1-811 

550 

1-782 

4512-008 

570 

1-846 

569 

1 

843 

584 

1-891 

.540 

1-749 

560 

1-813 

4518-198  

585 

1-S90 

580 

1 

s74 

586 

1-S94 

558 

1    SI  1. , 

kcq 
oos 

1  CAI 

i  •  sm 

4523-572  

585 

1-S88 

597 

1 

926 

587 

1-894 

547 

1-765 

553 

1-785 

4527  101  

571 

1-841 

584 

1 

883 

584 

1-879 

558 

1-S00 

550 

1-777 

573 

1  S45 

OOO 

1 

877 

OfSl 

L  ■  1 

556 

1-790 

553 

1-780 

4534-903  

580 

1-866 

592 

1 

905 

584 

1-879 

548 

1-764 

557 

1-792 

4546  129 

579 

1-S57 

579 

1 

857 

571 

1-S32 

560 

1-796 

562 

1-802 

4548-938  

5S5 

1-875 

591 

1 

894 

590 

1-891 

569 

1-824 

555 

1-779 

4554-211  

576 

1-843 

582 

1 

862 

591 

1-S91 

572 

1-S30 

565 

1-sOS 

4555-662  

574 

1-837 

582 

1 

862 

586 

1-875 

55S 

1-7S6 

563 

1  sill 

4558-827  

589 

1-883 

579 

1 

851 

576 

1-841 

555 

1-775 

5.54 

1-772 

45&3-939  

587 

1-873 

585 

1 

S67 

575 

1-835 

572 

1-825 

571 

1-822 

4571-275  

586 

1-867 

585 

1 

•864 

575 

1-S32 

557 

1-775 

560 

1-784 

4572  156  

589 

1-875 

587 

1 

•869 

594 

1-892 

574 

1-828 

571 

1-S18 

4578-732  

578 

1-838 

586 

1 

■863 

591 

1-879 

559 

1-778 

555 

1-765 

4590-126  

577 

1-829 

576 

•  1 

■826 

597 

1892 

580 

1-838 

564 

1-787 

4602-183  

597 

1-886 

589 

1 

•861 

593 

1-874 

560 

1-770 

563 

1-779 

4603-126  

593 

1-873 

579 

1 

•829 

582 

1-839 

571 

1-803 

571 

1-803 

Means  

1-866 

1 

•868 

1-872 

1-798 

1-793 



Probable  Error, 

±019 

±015 

Single  Line 

±014 

•015 

±015 

 v  

550a. 


553d. 
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measures  of  rotation  plates — {Continued). 


Line. 


4432 
4435 
4438 
444.", 
4454 
4464 
4468 
4484 
4489 
4502 
4508 
4512 
4:,  Is 
4523 
4527 
4531 
4534 
4546 
4548 
4554 
4555 
4558 
4563 
4571 
4572 
457.S 
4590 
4602 
4603 


•735. 
•321. 
•370. 
•641. 
•552 . 
•617. 
•663. 
•392. 
•911. 
•388. 
•455. 
•906. 
•198. 
•572. 
•101. 
•801. 
•903. 
•129. 
•938. 
•211. 
•662. 
•827. 
•939. 
•275. 
■156. 
•732. 
•126. 
•183. 
■126. 


558a. 


566a. 


566b. 


570a. 


577d. 


July  14,  9-55  !  July  16,  1110  July  16,  1112  July  IS,  1100    July  25,  9-55 


Disp. 


■0551 

555 
548 
54S 
551 
554 
561 
557 
557 
549 
561 
556 
561 
560 
560 
559 
557 
568 
566 
565 
569 
574 
579 
573 
575 
570 
576 
575 
578 


Vel. 


•822 
•S54 
•810 
•806 
■811 
•817 
■837 
■M0 
•814 
•782 
■818 
■800 
•813 
•807 
•800 
■800 
•793 
•S21 
•815 
•SOS 
■S20 
•835 
•848 
•825 
■831 
•S13 
•S26 
•S17 
•820 


Disp.     Vel.     Disp.  Vel. 


•0550 
557 
552 
548 
543 
502 
504 
568 
553 
554 
568 
573 
566 
576 
565 
561 
580 
575 
564 
572 
571 
576 
567 
572 
573 
575 
580 
564 
576 


1-839 
1-840 
1-823 
1-S07 
1-786 
1-S43 
1-847 
1-852 
1-801 
1-798 
1-841 
1-855 
1-S30 
1-858 
1-822 
1-S06 
1-S66 
1-844 
1-80S 
1-850 
1  ■  S27 


1-841 
1-810 
1  ■  S22 
1-825 
1-829 
1-838 
1-792 
1-820 


•0573 
555 
563 
557 
556 
553 
567 
570 
565 
553 
566 
560 
572 
572 
569 
558 
572 
571 
574 
577 
569 
572 
577 
570 
578 
570 
574 
579 
571 


1-893 
1-834 
1-S59 
1-836 
1-829 
1-814 
1-857 
1-858 
1-841 
1-795 
1-S34 
1-813 
1-849 
1-S46 
1-835 


Disp.  !  Vel.     Disp.  Vel. 


1-796 

1-S40 

1-832 

1-840 

1-846  i 

1-821 

1-829 

1-S41 

1-816 

1-S40 

1-S12 

1-819 

1-829 

1-804 


•0551 
546 
550 
563 
559 
554 
557 
566 
562 
553 
56S 
564 
572 
557 
561 
567 
562 
571 
563 
571 
553 
566 
577 
570 
575 
570 
565 
562 
571 


S22 
805 
816 
S55 
S39 
SOI 
814 
S17 
843 
S24 
792 
839 
823 
S46 
796 
S06 
s_>4 
S03 
S30 
S02 
824 
768 
S07 
838 
815 
S2S 
791 
770 
803 


•0550 
563 
545 
553 
559 
545 
553 
558 
557 
571 
564 
559 
571 
572 
580 
561 
559 
564 
564 
507 
573 
508 
571 
572 
570 
575 
587 
575 
580 


1-841 
1  ss4 
1-S18 
1-S3S 
1-856 
1-S07 
1-828 
1-S39 
1-S32 
1-S70 
1-S39 
1-821 
1-S50 
1-S49 
1-870 
1-809 
1-799 
1-S09 
1-S0S 


815 

833 


1-810 


1-818 
1-819 
1-S26 
1-S17 
1-S49 
1-800 
1-S39 


Means . 


1-816 


1-828 


1-S34    1-816 


1-831 


Probable  Error, 
Single  Line . . 


±009 


■013 


•015 


•014 


•014 
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measures  ok  rotatiox  plaies. — Concluded. 


600c. 

60U1. 

609a. 

610a. 

610d. 

Line. 

Nov.  9 

3-20. 

Nov.  9,  3-37. 

Dec.  6 

2  00. 

Dec.  6 

2-55. 

Dec.  6,  3  00. 

Disp. 

\ 

el. 

Disp. 

Vel. 

Disp. 

Vel. 

Disp. 

Vel. 

1  \  ■  

1  » '.  - 1 . . 

\  el. 

•0693 

I- 

794 

•0672 

1 

740 

•0696 

1-802 

•0660 

1-70S 

. -0684 

1-771 

659 

1- 

706 

670 

1 

734 

6S9 

1-788 

673 

1-742 

672 

1-739 

*\  '  "I . ,  t\  "\ 

691 

1- 

7S0 

715 

1 

842 

713 

1-S56 

697 

1-795 

707 

1-S21 

6S5 

1- 

763 

690 

1 

776 

6SS 

1-771 

690 

1-776 

707 

1-S20 

5544 -157  

702 

1- 

787 

696 
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1 
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695 
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698 

1- 

730 

708 

1 

7S0 

735 

1-830 

713 

1-776 

707 

1-761 

56S2S69  

737 

1-831 
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1-782 

714 

1-770 

56SS-436  

718 

1-778 

694 

1-718 

717 

1-775 

Means  

1 

752 

1 

786 

1-800 

1-751 

1-787 

Probable  Error, 

Single  Line. 

± 

018 

020 

±017 

±029 

±023 

Having  obtained  the  measured  values  of  the  velocity,  three  corrections  require 
to  be  applied.  In  the  first  place,  the  observation  must  be  made  at  a  certain  distance 
within  the  limb,  and  the  first  correction  is  to  reduce  this  measured  velocity  to  that 
at  the  limb.  This  is  effected  by  multiplying  the  velocity  by  the  ratio  of  the  solar 
radius  to  the  radius  or  distance  from  the  centre  of  the  observed  point.  In  the  second 
place,  owing  to  the  fact  that  the  equator  of  the  sun  and  the  ecliptic  are  inclined  about 
7°15'  to  one  another  the  direction  of  the  measured  velocity  does  not  coincide  with 
the  actual  velocity,  and  requires  to  be  multiplied  by  the  secant  of  the  angle  of  in- 
clination. This  angle  can  be  readily  computed  but  is  most  conveniently  obtained 
from  tables  prepared  by  Duner*.  These  two  corrections  give  the  velocity  relative 
to  the  earth  or  the  synodic  value  of  the  rotation.  Owing  to  the  movement  of  the 
earth  around  the  sun,  the  sidereal  rate  of  the  solar  rotation  is  appreciably  greater. 
Tables  of  this  correction  have  also  been  computed  by  Dunerf  and  have  been  used 
here.  The  corrected  values  of  the  velocity  are  given  in  the  following  table  with  the 
probable  error  of  the  final  mean  velocity  and  of  a  single  plate. 


*  Duner-  "t'ber  die  Rotation  der  Sonne,  zweite  Abhandlungen",  Nova  Aeta  Regiae 
Societatis  Scientiarum  Upsaliensis,  Series  4,  I,  No.  6,  1906. 
t  Ibid. 
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SUMMARY  OF  ROTATION  VALUES. 


Plate. 

Measured 
Velocity. 

Probable 
Error, 
Single  Line. 

Correction 
to 
Limb. 

Correction 
for 

Inclination. 

Sidereal 
Correction. 

Total 
Velocity. 



493a 

1-776 

±  015 

4-040 

+  •001 

+  •133 

1-950 

493b 

1-809 

■050 

•041 

•001 

•133 

1-984 

497a 

1-7S7 

•018 

■041 

•001 

■133 

1-962 

527a 

1-770 

•019 

•044 

■002 

•133 

1-949 

527b 

1-780 

■014 

•045 

•002 

•133 

1-960 

528a 

1-866 

■014 

■050 

■003 

•133 

2-052 

CO  1  „ 
UO  1ft 

1  oOo 

•  UIO 

.003 

loo 

it  Ol>± 

531b 

1-872 

■015 

•050 

•003 

•133 

2  058 

550a 

1-798 

■019 

■128 

•005 

•133 

2  064 

553d 

1-793 

•015 

■127 

•005 

■133 

2-058 

558a 

1-S16 

•009 

•049 

•005 

■133 

2-003 

566a 

1-828 

•013 

■047 

•006 

•133 

2-014 

566b 

1-834 

■015 

•046 

•006 

•133 

2-019 

570a 

1-816 

•014 

•050 

•006 

•133 

2-005 

577d 

1-831 

•014 

•047 

•oos 

•133 

2-019 

600c 

1-752 

•018 

•092 

■003 

■140 

1-9S7 

601  d 

1-786 

•020 

•094 

•003 

•140 

2-023 

609a 

1-800 

•017 

•105 

■000 

•141 

2  046 

610a 

1-751 

•029 

•099 

•000 

■141 

1-991 

610d 

1-787 

■023 

•102 

■000 

■141 

2-030 

Mean  value  of  velocity=2-011  ±  0056km. 
Probable  error,  single  plate  =  ± -026km. 


Only  a  few  words  need  be  said  in  discussion  of  these  results.  The  mean  value, 
2.01  km.,  is  about  2  per  cent,  lower  than  the  accepted  value.  Owing,  however, 
to  the  preliminary  character  of  the  observation,  not  much  importance  should  be 
attached  to  such  a  difference  which  is,  after  all,  comparatively  small  and  which  may 
possibly  be  instrumental  or  may  even  be  due  to  personal  habits  of  measurement. 
While  at  Mt.  Wilson  last  summer,  Miss  Lasby,  who  has  measured  most  of  Adams'' 
plates,  and  myself  measured  a  number  of  these  displacements  on  both  the  Mt. 
Wilson  and  Ottawa  plates.  My  measures  were  consistently  approximately  2 
per  cent,  lower  than  hers,  an  amount  sufficient  to  explain  the  discrepancy.  Again, 
the  instrumental  conditions  under  which  the  majority  of  these  plates  were  obtained 
were  not  entirely  satisfactory,  principally  on  account  of  inadequate  means  of  ad- 
justing the  reflecting  prisms  and  the  limiting  of  the  pencil  by  the  narrow  windows. 
The  velocities  of  the  different  plates  show  moderately  good  agreement,  the  probable 
error  of  a  single  plate  being  ±  .026  km.,  and  of  the  mean  of  all  the  plates  ±  .0056 
km.  The  probable  error  of  measurement  of  a  single  line  is  on  the  average  ±  .018, 
while  the  probable  error  of  a  single  plate  determined  from  the  internal  error  of 
measurement  is  little  more  than  ±  .003  km.,  about  one-eighth  of  that  obtained 
by  comparing  different  plates.  This  ratio  is  rather  greater  than  it  should  be,  but 
even  Adams'  values  show  a  ratio  which,  though  not  so  great  ,  is  still  of  the  same  order. 
Our  experience  in  radial  velocity  measurements  shows  us  that  instrumental  errors 
causing  relative  displacements  of  the  lines  as  a  whole  are  always  much  greater  than 
errors  of  measurement  in  spectra  with  moderately  good  lines,  and  some  such  effect 
even  though  without  any  known  cause  is  to  be  expected  in  this  work. 
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Considering  the  relative  dispersions  in  the  two  cases,  the  probable  error  of 
measurement  of  a  single  line  is  of  about  the  same  magnitude  as  those  obtained  by 
Adams,  and  corresponds  to  a  linear  error  of  less  than  half  a  micron,  which  is  very 
good  measuring  for  spectrum  lines. 

We  may  consider  from  these  results  that  satisfactory  values  of  the  solar  rota- 
tion can  be  obtained  when  the  weather  again  becomes  suitable,  and  we  will  hope  in 
the  next  report  to  be  able  to  give  some  definite  results. 

COMMITTEE  WOKK. 

I  had  the  privilege  of  attending  two  important  astronomical  meetings  last  year 
as  a  representative  of  our  Observatory. 

Our  representation  at  the  meetings  resulted  in  unmistakable  evidences  of  the 
standing  we  have  already  attained  among  observatories  and  scientific  institutions, 
and  will  undoubtedly  result  in  further  increasing  our  reputation  abroad. 

The  first  of  these  was  the  annual  meeting  of  the  Astronomical  and  Astro- 
physical  Society  of  America,  which  was  held  at  Harvard  College  Observatory, 
Cambridge,  August  17-19,  and  the  second,  the  Triennial  Conference  of  the  Inter- 
national Union  for  Co-operation  in  Solar  Research,  which  was  held  at  the  Mt. 
Wilson  Solar  Observatory,  California,  from  August  31  to  September  2. 

At  the  first  of  these  meetings,  a  very  representative  gathering  of  the  leading 
astronomers  of  America,  and  also  many  noted  astronomers  of  Europe,  on  their  way 
to  attend  the  Solar  Conference,  spent  three  days  in  the  reading  and  discussion  of 
papers  on  many  phases  of  astronomical  work.  Several  of  the  European  astronomers 
presented  papers  on  both  astronomical  and  astrophysical  problems,  and  their 
participation  in  the  proceedings  was  much  appreciated  by  the  Society,  to  which  several 
of  them  were  elected  to  membership.  A  report  containing  abstracts  of  the  papers 
read  has  been  published  in  Science,  and  it  is  not  necessary  to  repeat  them  here. 
It  may  be  of  interest  to  mention  that  my  paper  on  'The  Probable  Errors  of  Radial 
Velocity  Determinations'  was  well  received;  and  that  I  was  chosen,  in  the  absence 
of  the  author,  Professor  W.  W.  Campbell,  to  read  what  was  undoubtedly  the  most 
important  paper  of  the  meeting,  'Some  Preliminary  Results  deduced  from  Observed 
Radial  Velocities  of  the  Stars.'  The  substance  of  my  own  paper  was  given  in  detail 
in  my  report  of  last  year,  while  Professor  Campbell's  discussed  some  very  important 
results  obtained  from  a  study  of  the  radial  motion  of  the  stars  observed  under  his 
direction. 

The  reading  of  the  papers  was  pleasantly  varied  on  the  afternoon  of  the  17th 
August  by  an  excursion  to  the  Blue  Hill  Meteorological  Observatory,  reached  by 
electric  car  from  Boston,  where  the  meteorological  apparatus,  including  the  famous 
box  kites,  and  the  methods  of  observation,  were  examined  by  and  explained  to  us. 
On  the  afternoon  of  the  second  day,  an  excursion  to  the  observatory  and  astro- 
nomical department  of  Wellesley  College  was  made,  in  which  the  majority  of  the 
members  participated.  Many  original  and  ingenious  methods  in  teaching  astro- 
nomy were  shown  and  explained  to  us,  and  we  were  also  much  interested  in  examining 
some  of  the  novel  apparatus  in  this  finely-equipped  students'  observatory.  The 
party  were  taken  for  a  drive  through  the  beautiful  college  grounds  in  automobiles, 
and  before  returning  were  served  with  tea.  The  social  features  of  these  functions 
added  much  not  only  to  their  pleasure  but  to  the  benefit  derived  from  the  meetings, 
in  that  they  increased  the  good  fellowship  always  so  evident  in  astronomical  gather- 
ings, and  thereby  prepared  the  way  for  fruitful  and  useful  discussions  between  the 
different  members.  On  the  afternoon  of  the  third  day,  we  were  entertained  at 
Harvard  Astronomical  Laboratory,  where  the  students  of  Harvard  College  receive 
their  astronomical  training.  After  luncheon  and  inspection  of  the  various  original 
methods  and  apparatus  employed  in  the  teaching  of  astronomy  here,  the  papers 
requiring  lantern  illustrations  were  then  disposed  of  and  the  meeting  was  concluded. 


REPORT  OF  THE  CHIEF  ASTRONOMER 


131 


SESSIONAL  PAPER  No.  253 

Part  of  the  work  of  this  society  is  performed  by  means  of  committees  appointed 
to  deal  with  specific  questions,  the  two  already  formed  being  on  luminous 
meteors  and  on  comets.  The  committee  on  comets  presented  a  valuable  report 
dealing  with  the  preparations  for  and  the  results  of  the  observations  of  Halley's 
comet,  and,  as  a  result  of  its  labours,  the  comet  was  observed  photographically  at 
Hawaii  by  Mr.  Ellerman  and  an  important  result  was  obtained  from  consecutive 
observations  at  Williams  Bay,  at  Hawaii  and  at  Beirut,  Syria,  on  the' acceleration 
of  parts  of  the  comet's  tail,  due  to  the  repulsive  force  of  the  sun. 

On  the  suggestion  of  Professor  W.  W.  Campbell,  a  new  committee  to  consider 
'the  question  of  co-operation  in  stellar  radial  velocity  determinations  was  appointed 
and  I  have  the  honour  to  be  one  of  its  members.  This  committee  consists  of  the 
following  members:  W.  W.  Campbell,  Director  Lick  Observatory,  California; 
E.  B.  Frost,  Director  Yerkes  Observatory,  Wisconsin;  Frank  Schlesinger,  Director 
Allegheny  Observatory,  Pennsylvania;  Karl  Schwarzschild,  Director  Potsdam  Ob- 
servatory, Germany;  H.  F.  Newall,  Director  University  Observatory,  Cambridge, 
England;  and  J.  S.  Plaskett,  Dominion  Observatory,  Canada. 

You  will  immediately  recognize  the  five  institutions  named  above  as  being  the 
foremost  in  the  world  in  astrophysical  research,  and  that  a  representative  of  our  ob- 
servatory is  included  is,  it  seems  to  me,  valuable  evidence  of  the  high  standard  of 
the  work  we  are  turning  out  and  a  tangible  recognition  of  the  standing  obtained  by 
the  Dominion  Observatory.  This  committee  held  a  meeting  on  Mt.  Wilson  and  dis- 
cussed many  of  the  questions  involved.  A  report  of  the  proceedings  will  be  given 
below. 

In  accordance  with  the  scheme  carefully  planned  by  Professor  Hale  to  make  the 
the  solar  conference  as  great  a  success  as  possible,  the  meeting  of  the  Astronomical 
and  Astrophysical  Society  was  arranged  for  a  date  about  two  weeks  previous  to  that 
of  the  Solar  Union.  This  was  done  to  enable  many  of  the  European  astronomers 
to  attend  the  earlier  meeting,  and  then  to  travel  across  the  continent  with  those 
members  of  the  Astronomical  Society  who  proposed  to  attend  the  Solar  Union. 
This  plan  worked  admirably,  and  a  most  congenial  party  of  over  thirty  of  the  most 
eminent  astronomers  of  the  world  travelled  from  Boston  to  Pasadena  together  in 
two  special  cars,  starting  from  Boston  on  August  20,  spending  Sunday  the  21st 
at  Niagara  Falls,  and  Monday,  August  22,  at  Chicago.  While  in  Chicago  we  were 
the  guests  of  the  University  of  Chicago,  were  driven  to  the  grounds,  had  dinner  at 
the  University  Club,  and  inspected  the  buildings  and  laboratories  in  the  afternoon. 
I  was  particularly  interested  in  the  Byerson  Physical  Laboratory  and  in  the  Michel- 
son  Ruling  Engine,  with  which  the  grating  whose  tests  are  described  in  another  place 
was  ruled.  Professor  Michelson  informed  me  that  our  diagnosis  of  the  cause  of 
the  blurred  edges  of  the  spectra  was  correct  and  due  to  the  lines  of  the  ruling  not 
being  quite  straight,  and  he  promised  to  replace  it  by  a  better  one. 

The  party  was  joined  at  Chicago  by  several  American  astronomers  and  trav- 
elled directly  from  there  to  Flagstaff  on  the  Santa  Fe  railroad.  The  temperature 
on  this  part  of  the  journey  was  excessively  high,  the  thermometer  being  considerably 
over  90°  in  the  cars.  Nevertheless,  the  heat,  although  inducing  the  removal  of  all 
superfluous  clothing,  seemed  to  have  little  effect  in  quenching  the  astronomical 
enthusiasm  of  the  party,  and  very  interesting  discussions  on  different  phases  of  as- 
trophysical research,  especially  stellar  evolution,  took  place.  Besides  this,  several 
committee  meetings  in  preparation  for  the  business  of  the  Solar  Union  were  held 
en  route.  The  time  of  the  whole  journey  passed  most  pleasantly  and  profitably, 
and  the  purposes  of  organizing  the  party  in  this  way  for  promoting  sociability, 
good  feeling  and  astronomical  discussion  was  very  successfully  carried  out. 
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At  Flagstaff  the  cars  were  placed  on  a  siding  to  wait  for  a  later  train,  and, 
by  invitation  of  Director  Lowell,  the  whole  party  visited  the  Lowell  Observatory. 
The  train  arrived  in  Flagstaff  about  nine  o'clock  in  the  evening,  and  conveyances 
were  waiting  to  drive  us  to  the  Observatory,  where  we  were  most  hospitably  received 
and  shown  the  work  of  the  Observatory.  This  was  displayed  by  means  of  illumin- 
ated transparencies  covering  many  branches  of  photographic  astronomy,  many  of 
them  being  masterpieces  of  their  kind.  The  photographs  of  the  planets  and  of  various 
regions  of  the  sky  were  very  fine,  but,  to  my  mind,  the  photographs  of  Halley's 
comet  were  superb,  so  far  as  I  know  much  the  best  of  any  obtained.  Photo- 
graphic spectra,  some  of  them  most  interesting,  were  also  in  abundance,  and 
many  other  interesting  examples  of  the  Observatory's  work.  After  being  enter- 
tained at  a  supper  by  Mr.  and  Mrs.  Lowell,  the  party  were  driven  back  to  their 
cars  where  they  spent  the  night.  Many  of  us  walked  to  the  Observatory  in  the 
morning  and  saw  the  apparatus.  Since  my  last  visit  a  4-foot  reflecting  telescope 
has  been  mounted,  but  has  not  yet,  I  believe,  been  much  used.  I  should  imagine 
the  mounting  was  not  sufficiently  good  for  the  best  photographic  work. 

It  had  been  planned  that  the  party  should  make  a  stay  of  a  couple  of  days  at 
the  Grand  Canyon  of  the  Colorado.  Leaving  Flagstaff  at  11  o'clock  on  Thurs- 
day morning,  August  25,  the  canyon  was  reached  about  G  p.m.  Two  very  pleasant 
days  were  spent  here,  one  large  excursion  party  and  numerous  small  ones  were 
organized,  and  astronomical  discussions  were  still  the  rule,  although  not  so  univ- 
versally  so  as  on  the  train  for  the  first  few  days.  Some  further  additions  to  the 
party  were  made  at  the  canyon.  The  last  stage  of  the  journey  was  begun  on 
the  evening  of  the  27th,  and  Pasadena  was  reached  on  Sunday,  August  28,  about 
2  p.m.  At  the  headquarters  in  Pasadena,  the  Hotel  Maryland,  a  comfortable 
and  homelike  place,  many  members  of  the  Solar  Observatory  staff  were  on  hand  to 
receive  and  welcome  the  members. 

On  the  morning  of  the  29th,  the  Observatory  offices,  laboratories  and  shops  were 
open  for  inspection  by  the  visitors,  and  much  admiration  was  expressed  at  the  fine 
equipment.  I  was  much  interested  in  many  parts  of  the  equipment.  In  the 
spectroscopic  laboratory  a  powerful  grating  spectrograph  of  30-foot  focal  length  is 
mounted  vertically  in  a  pit  in  the  centre  of  the  laboratory,  and  the  various  means  of 
producing  the  light  sources  are  arranged  around  this  as  a  centre.  Electric  arc, 
spark  and  furnace,  sunlight,  luminous  gases  under  pressure,  powerful  magnets  for 
producing  the  Zeeman  effect,  indeed,  practically  everything  that  could  be  thought 
of  is  at  hand  and  ready  to  be  used  at  once  without  any  delay  in  setting  up  and  ad- 
justing apparatus.  A  great  deal  of  valuable  work  in  connection  with  solar  spec- 
troscopy, such  as  the  mapping  of  the  effect  of  a  magnetic  field  on  the  lines  of  the  ele- 
ments (Zeeman  effect),  the  change  in  the  character  of  a  spectrum  under  different 
conditions  of  the  light  source,  and  different  methods  of  producing  the  light  source 
has  been  and  is  being  done  in  this  laboratory. 

Much  interest  was  evinced  in  the  large  grinding  machine  for  grinding  and 
polishing  the  100-inch  mirror.  The  imperfect  disc  for  this  mirror,  which  is  being 
given  by  Mr.  Hooker  of  Los  Angeles,  was  in  the  shop,  but  at  that  time  was  not  being 
worked  on.  Since  then,  however,  as  the  prospects  of  obtaining  a  perfect  disc 
were  poor,  grinding  operations  have  been  begun. 

The  star  spectroscope,  for  use  with  the  60-inch  reflector,  had  just  been  completed 
and  was  on  view  at  the  shop.  It  is  arranged  to  use  from  1  to  3  prisms,  giving  a  large 
range  of  dispersion.  Spectra  made  with  a  focal  plane  spectroscope  of  some  inter- 
esting faint  stars  were  on  exhibition,  and  also  some  high  dispersion  spectra  of  the 
brighter  stars  made  by  means  of  the  Cassegrain  form  of  the  reflector  where  the  beam 
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of  star  light  is  reflected  down  through  the  polar  axis  to  a  stationary  spectroscope 
of  high  dispersion. 

The  various  measuring  machines  and  the  methods  of  testing  optical  surfaces 
came  in  for  a  good  share  of  interest,  while  the  workshop  and  instruments  under 
construction  also  commanded  attention.  The  Solar  Observatory,  so  far  as  instru- 
mental equipment  and  appliances  go,  easily  holds  the  first  place  in  the  world. 

On  Tuesday  morning,  August  30,  about  9  o'clock,  a  start  was  made  for  the 
summit  of  Mt.  Wilson,  which  is  at  an  elevation  of  nearly  6,000  feet.  There  are  three 
methods  of  reaching  the  summit,  on  foot,  on  horse,  mule  or  donkey  back,  and  by 
carriage.  There  were  only  one  or  two  enthusiasts  who  essayed  the  climb  on  foot, 
the  trail  having  a  length  from  the  valley  of  about  nine  miles.  A  few  went  on  the 
back  of  animals,  but  the  majority  seemed  to  prefer  carriages.  As  I  had  previously 
made  the  trip  on  horseback  I  tried  a  carriage,  but  found  it  a  change  for  the  worse. 
The  carriages  go  by  what  is  called  the  new  trail,  a  road  built  by  the  Observatory 
to  enable  the  parts  of  the  60-inch  reflector  to  be  hauled  to  the  summit.  It  is,  how- 
ever, a  long  and  excessively  dusty  drive,  it  being  well  on  towards  evening  before  the 
peak  was  reached,  and  everyone  being  well  coated  with  dust. 

The  party  were  accommodated  at  the  Mt.  Wilson  hotel,  sleeping  in  cottages 
and  tents  and  getting  their  meals  at  the  hotel  proper.  Considering  the  difficulty 
of  getting  supplies,  the  accommodation  was  good  and  the  charges  reasonable.  A 
feature  of  the  sessions  was  the  afternoon  tea  at  the  Monastery,  the  bachelor  quarters 
of  the  Observatory  staff,  a  pleasant  social  function  given  by  the  lady  members  of 
the  Observatory  staff  and  much  enjoyed  by  every  one. 

Much  interest  and  admiration  were  felt  by  the  delegates  in  the  magnificent 
equipment  for  solar  and  stellar  research  on  Mt.  Wilson,  and,  before  speaking  about 
the  sessions  of  the  Union,  it  might  be  of  advantage  to  briefly  describe  some  of  the 
most  original  and  ingenious  of  the  instruments  used.  I  have,  already,  in  my  1907 
report  to  you  (page  53)  described  the  instrumental  equipment  of  the  Solar  Ob- 
servatory in  1906,  and  it  will,  therefore,  suffice  to  speak  of  what  has  since  been  added, 
the  two  tower  telescopes  and  the  60-inch  reflector. 

The  60-foot  tower  telescope  is  a  radical  departure  from  the  horizontal  coelostat 
telescope  (the  'Snow'  telescope)  already  described,  in  that  the  beam  of  light  forming 
the  solar  image  is  vertical  instead  of  horizontal.  The  coelostat  and  secondary 
mirrors  are  at  the  top  of  a  steel  tower  60  feet  high,  and  the  image  is  formed  at  a 
convenient  distance  above  the  surface  of  the  ground  by  a  12-inch  objective  of  60 
feet  focus  at  the  top  of  the  tower.  The  spectrograph  is  consequently  vertical,  is 
of  30  feet  focus  and  is  placed  in  a  pit  30  feet  deep.  There  are  evidently  many  ad- 
vantages in  this  type  of  instrument  over  the  'Snow'  telescope.  The  great  height 
of  the  mirrors  above  the  surface  removes,  or  considerably  reduces,  the  effect  of  the 
hot  air  rising  from  the  earth  and  consequently  improves  the  definition.  The 
vertical  direction  of  the  image-forming  beam  reduces  the  danger  of  disturbance 
of  definition  arising  from  stratification  or  convection  of  the  air.  The  placing  of 
the  spectrograph  below  the  surface  ensures  that  the  lens  and  grating,  which  are 
nearly  30  feet  down,  are  at  almost  absolutely  constant  temperature,  a  very  import- 
ant desideratum  in  accurate  work.  Finally,  the  difficulty  due  to  the  heating  of  the 
mirrors  and  the  consequent  change  of  focus  and' astigmatism  produced,  has  been 
much  reduced  by  making  the  coelostat  and  secondary  mirrors  about  three  times 
as  thick  as  usual.  It  was  shown  by  Ritchey  that  this  change  of  focus  was  due  to 
the  heating  of  the  front  surface  by  the  sun  causing  an  actual  bending  of  the  mirror 
so  that  the  surface  became  convex  instead  of  plane,  that  this  change  of  form  was 
nearly  regular,  and,  if  the  incidence  was  normal,  would  result  in  a  lengthening  of 
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the  focus  without  seriously  affecting  the  definition.  But,  owing  to  the  fact  that 
the  beam  is  rarely  or  never  incident  normally  on  the  plate  mirrors,  there  results 
astigmatism  and  consequent  disturbance  of  the  definition.  It  was  found  that  when 
the  mirrors  were  made  thick,  as  in  this  case  (coelostat  mirror  17  inches  diameter, 
12  inches  thick),  that  thefront  surface  became  very  slightly  concave  instead  of  convex 
owing  probably  to  the  heating  of  the  edge  of  the  mirror  contained  in  the  cell,  and 
that  possibly  better  results  would  be  obtained  if  they  were  not  quite  so  thick.  The 
definition  is  in  all  cases  considerably  better  than  given  by  the  'Snow'  telescope,  and 
it  can  be  used  for  long  exposures  without  difficulty  due  to  astigmatism  or  change  of 
focus.  Professor  Hale  showed  us  the  image  formed  by  this  telescope  and  the  Zee- 
man  effect  produced  by  the  magnetic  field  around  sunspots  on  the  day  he  was  on 
the  mountain. 

The  150-foot  tower  telescope  was  under  construction  last  September,  though 
so  far  completed  that  the  solar  image,  about  17  inches  in  diameter,  could  be  ob- 
served. When  I  saw  it,  however,  the  definition  was  not  very  good,  and  I  have  learned 
since  that  some  difficulty  has  been  experienced  in  getting  good  images.  This  may 
be  due  mostly  to  the  much  more  perfect  atmospheric  conditions  requisite  with  such 
an  enormous  focal  length,  and  possibly  partly  to  optical  imperfections  in  some 
of  the  reflecting  surfaces  or  in  the  image-forming  objective  employed.  The  well 
below  the  tower  has  a  depth  of  nearly  80  feet,  allowing  the  use  of  spectrographs  of 
75  feet  focus,  and  enabling  all  the  researches  so  successfully  undertaken  at  Mt. 
Wilson  to  be  prosecuted  much  further  with  this  much  more  powerful  equipment, 
to  say  nothing  of  the  possibilities  of  other  original  work  rendered  feasible  by  the 
very  large  image  and  extraordinary  dispersion  available.  The  design  of  the  whole 
telescope  has  been  well  thought  out,  all  contingencies  have  been  provided  for,  and 
it  is  most  complete  and  will  be  most  convenient  in  operation. 

Probably  the  60-inch  reflecting  telescope  was  the  instrument  which  created 
the  greatest  interest  and  admiration,  and  excited  the  greatest  envy  among  the  visit- 
ing astronomers.  It  is  certainly  a  magnificent  instrument,  complete  in  all  details 
and  leaving  practically  nothing  to  be  desired  so  far  as  its  optical  and  mechanical 
performance  and  the  convenience,  completeness  and  mechanical  perfection  of  the 
details  and  accessories  are  concerned.  It  will  not  be  necessary  to  give  any  des- 
cription of  the  instrument  here  as  that  has  been  already  given  by  the  designer, 
Prof.  Ritchey,  in  the  'Contributions  from  the  Solar  Observatory',  Nos.  36  and  47. 
It  will  suffice  to  say  that  the  completeness  and  the  optical  and  mechanical  properties 
of  the  reflector  surprised  every  astronomer  present.  I  think  I  am  not  mistaken  when 
I  say  that  very  few  astronomers  expected  that  it  woidd  be  possible,  owing  principally 
to  atmospheric  and  to  temperature  changes,  to  obtain  the  wonderful  definition  that 
this  instrument  is  capable  of  giving.  Its  photographic  definition  is  very  clearly 
shown  by  the  examples  of  photographs  of  nebulae,  star  clusters,  etc.,  made  by  it. 
The  wonderful  detail  in  the  nebulae,  and  the  surprising  smallness  of  the  star  images 
excited  the  admiration  of  all.  Through  the  kindness  of  Professor  Ritchey,  during 
two  evenings  on  Mt.  AVilson,  the  reflector  was  arranged  for  visual  observations  in 
the  Cassegrain  form,  and  every  astronomer  present  observed  several  objects  through 
it.  It  gave  beautiful  definition  and  showed  wonderful  light  gathering  power. 
Clusters,  nebulae  and  the  planet  Saturn  were  all  observed,  and  those  who  had  had 
experience  with  the  largest  refractors  were  convinced  that  it  surpassed  the  best  of 
them  in  many  respects.  Professor  Ritchey  is  justly  proud  of  his  masterpiece,  and 
he  undoubtedly  deserves  great  credit  for  the  optical  perfection  of  the  mirrors  and 
the  excellent  qualities  of  the  mechanical  design.  On  one  of  the  nights  spent  on 
Mount  Wilson  the  low  dispersion  spectrograph  used  in  getting  spectra  of  faint  stars 
was  attached,  the  reflector  being  used  in  the  Xewtonian  form,  the  slit  of  the  spectro- 
graph being  placed  in  the  prime  focus.    The  star  images  given  were  beautifully 


REPORT  OF  THE  CHIEF  ASTRONOMER 


135 


SESSIONAL  PAPER  No.  25a 

hard  and  crisp  and  the  exposures  required  to  get  measurable  spectra  surprisingly 
short.  A  spectrum  of  a  fifth  magnitude  star,  requiring  upwards  of  an  hour  with  our 
refractor,  can  be  photographed  with  the  same  linear  dispersion  in  about  five  min- 
utes, an  efficiency  that  particularly  excited  my  admiration  and  even  envy  when  I 
thought  how  our  work  could  be  extended  if  we  had  such  an  instrument. 

The  sessions  of  the  Solar  Union  began  on  Wednesday  morning,  August  31, 
at  9.30,  and  continued  for  three  days,  Wednesday,  Thursday  and  Friday. 
On  motion  of  Professor  Schuster,  chairman  of  the  Executive  Committee,  Professors 
Pickering  of  Harvard,  Campbell  of  Lick,  and  Frost  of  Yerkes  Observatories 
were  chosen  as  chairmen  for  the  three  days  of  the  meeting. 

The  opening  business  was  an  address  by  Professor  Hale,  who  welcomed  heartily 
all  the  delegates  to  the  conference,  and  who  then  gave  a  desription  of  the  work  and 
instruments  of  the  Solar  Observatory  and  a  discussion  of  some  of  the  results  achieved, 
with  many  suggestions  for  future  efforts.  This  address  was  much  appreciated,  as, 
owing  to  a  partial  breakdown  from  overwork,  it  was  the  only  meeting  Professor 
Hale  was  able  to  attend.  This  was  a  source  of  great  disappointment  and  regret 
to  all  the  delegates,  and  must  also  have  been  very  disappointing  to  Professor  Hale 
himself  who  had  worked  so  hard  for  the  success  of  the  meeting,  and  who  was  preclud- 
ed from  taking  the  prominent  part  in  the  meetings  that  he  was  so  well  fitted  and 
entitled  to  do. 

Professor  Schuster  read  the  report  of  the  Executive  Committee  which  referred 
to  the  loss  to  the  Union  by  death  of  several  members,  it  recommended  the 
Union  to  urge  the  establishment  of  a  solar  observatory  in  Australia,  and  stated 
that  the  Royal  Astronomical  Society  of  Canada  and  the  Bologna  Academy  had  been 
elected  constituents  of  the  Union.  It  may  be  as  well  to  state  that  the  Union  is 
composed  of  representatives  or  delegates  from  Societies  and  Academies,  and  that  the 
work  of  the  Union  is  done  by  committees  representing  the  different  phases  of  its 
work,  these  committees  reporting  at  the  meeting  where  the  questions  touched  upon 
are  discussed  generally.  There  are  committees  on  the  determination  of  standard 
wave  lengths,  the  measurement  of  the  solar  radiation,  the  spectra  of  sun  spots, 
eclipse  work,  spectroheliographic  work,  and  on  the  determination  of  the  solar 
rotation  by  the  displacement  of  the  spectral  lines. 

After  Professor  Hale's  address,  Professor  Kayser,  the  chairman,  presented  the 
report  of  the  committee  on  the  determination  of  standard  wave  lengths,  which 
indicates  a  marked  step  forward  in  this  important  problem.  Although  Rowland's 
tables  of  wave  lengths  were,  at  the  time  of  their  introduction,  a  very  great  advance 
in  accuracy  over  those  previously  in  use,  more  recent  work  has  shown  that  they  are 
not  sufficiently  accurate  for  present-day  research.  Not  only  is  the  absolute  value 
of  the  standard  he  employed  in  error,  every  wave  length  being  too  great  by  about  one 
part  in  30,000,  which  is  not  a  matter  of  much  moment,  but  that  also  there  are  re- 
lative errors  of  the  order  of  one  part  in  100,000  among  the  different  lines,  which  is 
much  more  serious  than  errors  in  the  absolute  values.  These  errors,  due  to  unknown 
defects  in  the  gratings  employed,  were  only  discovered  when  new  measurements 
were  made  by  a  different  method,  that  of  interference.  The  work  of  this  committee 
has  been  the  determination  by  interferometer  methods  of  the  wave  lengths  of  50 
lines  in  the  iron  arc  between  A.  -1282  and  A.  6495,  which  are  called  the  secondary 
standards.  The  primary  absolute  standard  is  the  wave  length  of  the  red  line  of  cad- 
mium, determined  by  Michelson  in  1892  by  actually  counting  the  number  of  waves 
of  this  red  line  in  a  known  fractional  part  of  the  standard  metre.  He  found  that 
there  were  1,553,163.5  waves  in  a  metre  or  that  the  wave  length  was  6438.4722  A. 
The  secondary  standards  have  been  determined  by  differential  interference  methods 
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by  three  observers,  Fabry  and  Buisson,  at  Marseilles;  Eversheim,  at  Bonn;  and  Pfund, 
at  Baltimore.  The  accordance  of  these  measures  is  so  good  that  the  range  is  gener- 
ally less  than  one  part  in  a  million  and  the  mean  of  the  three  is  probably  correct 
within  that  margin  of  error.  The  means  of  the  three  observers  were  adopted  as  the 
secondary  standards.  The  following  recommendations  of  the  committee  on  wave 
lengths  were,  after  discussion,  adopted: — 

1.  In  the  region  of  the  spectrum  in  which  three  independent  measure- 
ments by  the  interferometer  method  of  the  lines  of  the  iron  arc  are  available, 
i.  e.,  between  A  4282  and  A  (>49f>,  the  arithmetical  mean  of  the  three  measure- 
ments shall  be  adopted  as  definite  international  standards  of  second  order, 
provided  there  is  sufficient  agreement  between  them. 

2.  The  committee  be  given  authority  to  publish  these  standards  as 
soon  as  possible. 

3.  For  the  part  of  the  spectrum  in  the  neighbourhood  of  A  oSOO, 
where  the  number  and  character  of  the  iron  lines  is  not  satisfactory,  the 
committee  proposes  the  use  of  barium  lines  as  additional  standards. 

4.  Laboratories  or  observatories  possessing  first-rate  concave  gratings 
are  invited  to  determine  by  interpolation,  as  soon  as  possible,  standards  of 
the  third  order  in  the  spectrum  of  the  iron  arc  within  the  above  range 
(i.e.,  A  4282  to  A  6495.) 

5.  The  measurement  of  standards  of  the  second  order  shall  be  extended 
to  shorter  and  longer  wave  lengths,  and  the  arithmetical  mean  of  three  in- 
dependent determinations  shall  be  adopted  as  secondary  standards. 

6.  Standards  of  the  third  order  shall  then  be  obtained  in  the  manner 
indicated. 

7.  The  above  system  of  standards  shall  be  called  the  international 
system,  the  unit  on  which  it  is  based  being  called  the  international  unit 
(denoted  I.  A.)  as  defined  by  the  conference  of  1907. 

8.  It  is  very  desirable  that  in  different  laboratories,  possessing  concave 
gratings  of  the  first  quality,  photographs  of  arc,  spark,  and  solar  spectra  and 
new  measurements  according  to  the  international  system  shall  be  taken  as 
soon  as  possible. 

It  will  be  noted  that  in  the  determination  of  the  tertiary  standards  and  in  the 
new  measurements  of  arc,  spark,  and  solar  spectra,  it  is  expressly  stated  that  first 
quality  concave  gratings  be  used  to  make  the  photographs.  In  view  of  the  fact 
that  there  are  now  many  plane  gratings  in  use  in  an  autocollimation  or  Littrow 
form  of  spectrograph,  of  which  our  solar  spectrograph  is  an  example,  it  seemed 
desirable  fo  get  an  expression  of  opinion  from  the  committee  as  to  the  suitability 
of  such  instruments  for  this  purpose,  and  I  therefore  proposed  that  the  plane  grating 
might  be  used  in  this  work.  Professor  Kayser,  the  chairman  of  the  committee,  was 
strongly  opposed  to  the  idea  for  the  reason  that  the  spectra  formed  were  not  normal, 
even  though,  as  I  pointed  out,  the  deviation  from  normality  was  small  and  could 
readily  be  allowed  for.  The  matter  was  allowed  to  stand  there  until  it  was  brought 
up  at  a  later  meeting,  when  my  views  were  strongly  supported  by  Messrs.  Adams, 
St.  John,  Newall,  and  others,  who  ga\e  examples  of  the  accuracy  attainable  with 
the  plane  grating  used  in  the  way  stated  above,  and  it  was  finally  agreed  that  the 
tertiary  standards  and  new  measurements  of  spectra  might  be  obtained  with  the 
plane  grating. 
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This  is  a  work  that  might  well  be  undertaken  here  by  the  use  of  the  first-rate 
plane  grating  we  now  possess  and  the  excellent  Toepfer  measuring  machine  which 
are  both  well  adapted  for  the  purpose.  It  would  be  necessary  to  obtain  an  additional 
assistant  for  the  purpose  of  measuring  the  plates,  as  there  would  be  so  great  a  quan- 
tity required,  entirely  beyond  our  present  capacity  unless  the  other  work  were  neg- 
lected. 

The  work  of  this  committee  is  perhaps  of  the  greatest  present  importance  of 
any  dealt  with  by  the  Solar  Union,  and  I  have  therefore  presented  it  in  some  detail. 

In  the  evening,  Director  C.  G.  Abbot,  of  the  Smithsonian  Astrophysical  Ob- 
servatory, gave  a  popular  lecture  on  the  'Solar  Constant  of  Radiation,'  outlining 
the  history  of  the  subject,  naming  the  various  values  of  the  constant  accepted  at 
different  times,  and  giving  a  brief  account  of  his  own  work.  Mr.  Abbot  presented 
a  strong  plea  for  the  support  of  a  project  to  equip  and  maintain  another  station  in 
a  suitable  locality,  where  independent  similar  and  simultaneous  observations  might 
be  secured  to  substantiate  the  value  of  the  constant  and  determine  if  there  is  any 
fluctuation. 

On  Thursday  morning,  the  first  business  taken  up  was  the  report  of  the 
committee  on  the  measurement  of  the  solar  radiation,  which  was  presented  by 
Professor  Abbot.  The  gist  of  the  report  was  that  numerous  independent  and  con- 
cordant observations  made  at  Washington  and  Mount  Wilson  in  recent  years  have 
shown  the  value  of  the  solar  constant  to  be  about  2 . 0  calories  per  square  centimetre 
per  minute,  and  that  fairly  well  warranted  indications  of  variability  to  the  extent  of 
5  or  10  per  cent,  were  indicated.  It  was  recommended  that  an  additional  station 
for  continuous  observation  of  the  solar  constant  over  a  considerable  period  be 
equipped  in  a  suitable  location.  A  discussion  took  place  on  the  relative  merits  of 
different  types  of  pyrheliometers  and  on  the  durability  of  measuring  the  radiation 
over  different  portions  of  the  solar  disc. 

The  report  of  the  committee  on  the  spectra  of  sunspots  was  next  presented 
by  Professor  A.  Fowler,  the  chairman.  One  of  the  most  important  statements  in 
this  report  was  that  the  spectra  of  sunspots  are  as  constant  in  nature  as  the  ordinary 
Fraunhofer  spectrum.  Father  Cortie  said  he  had  examined  them  for  twenty  years 
and  thinks  them  quite  unchanged  through  periods  of  maximum  and  minimum  spot 
activity.    After  some  discussion  the  following  resolutions  were  adopted: — 

1.  That  the  reports  of  the  committee  and  the  co-operating  observers 
be  printed  in  the  Transactions  of  the  Union  in  full,  or  in  abstract  as  circum- 
stances may  determine. 

2.  That  notwithstanding  the  photographic  results,  visual  observations 
are  desirable  and  the  committee  should  be  continued. 

3.  That  the  committee  be  requested  to  prepare  and  circulate  a  revised 
scheme  of  observations. 

4.  In  view  of  the  fact  that  several  observers  have  prepared  catalogues 
of  great  numbers  of  sunspot  lines,  it  is  desirable  that  these  results  be  collated. 

5.  It  is  desirable  that  the  new  map  of  the  sunspot  spectrum  do  not 
exceed  60  cm.  in  length  and  be  on  a  scale  of  5  mm.  to  one  Angstrom. 

The  report  of  the  eclipse  committee,  in  the  absence  of  the  chairman,  Sir 
Norman  Lockyer,  was  presented  by  the  secretary,  Comte  A.  de  la  Baume  Pluvinel, 
and  excited  some  little  discussion  over  the  method  of  recording  angles  of  position 
around  the  sun's  disc,  which  was  finally  decided  in  favour  of  from  north  toward  east. 
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The  desirability  of  co-operation  in  observing  the  chromospheric  spectrum  was  dis- 
cussed, and  Professor  Campbell  described  a  method  of  using  a  moving  plate  holder 
for  recording  the  flash  spectrum. 

This  closed  the  formal  business  for  Thursday,  but  in  the  evening,  Professor 
Kapteyn  gave  an  extremely  interesting  lecture  on  'Star  Streaming  of  Stars  of  the 
Orion  Type'  which,  in  addition  to  being  the  record  of  a  notable  piece  of  work,  was 
presented  in  a  very  pleasing  and  lucid  manner  and  was  much  enjoyed  by  the  large 
number  present.  He  finds  that  two  large  groups  of  Orion  type  stars,  containing 
nearly  all  of  this  type  in  the  sky,  are  moving,  when  the  solar  motion  is  allowed  for, 
in  opposite  directions  at  the  same  rate. 

On  Friday  morning  the  report  of  the  committee  on  the  determination  of  the 
solar  rotation  by  means  of  the  displacement  of  spectral  lines  was  presented  by 
Mr.  Adams.  As  this  committee  is  one  of  which  I  am  a  member  a  full  report  will 
be  given  later. 

In  the  absence  of  Professor  Hale,  the  chairman,  the  report  of  the  committee 
on  spectroheliographic  work  was  presented  by  Professor  Frost.  It  included  separate 
reports  from  Father  Cirera,  of  Tortosa,  Spain,  on  the  classification  of  faculae, 
from  Professor  Rieco,  of  Catania,  Sicily,  and  Professors  Fox  and  Slocum  of  the 
Yerkes  Observatory,  giving  details  of  spectroheliograph  plates  obtained.  The 
resolutions  proposed  by  the  committee  and  adopted  by  the  Union  are  substantially 
as  below: — 

1.  That  daily  photographs  of  calcium  flocculi  be  continued. 

2.  That  provision  be  made  for  the  measurement  of  the  photographs. 

3.  That  the  Japanese  Government  be  approached  in  regard  to  the  es- 
tablishment of  a  solar  observatory  in  Japan. 

4.  That  the  observatories  of  Tacubaya,  Mexico,  and  Madrid,  Spain, 
be  added  to  the  list  of  co-operating  observatories. 

5.  That  the  committee  recognises  the  advisability  of  the  use  of  spectro- 
heliographs  of  high  dispersion. 

6.  That  the  fund  raised  in  Italy  as  a  memorial  of  Father  Secchi  be 
devoted  to  the  construction  of  a  tower  telescope. 

On  Friday  afternoon  the  question  as  to  whether  the  field  of  the  Solar  Union 
should  be  extended  to  include  the  study  of  stellar  spectra  was  discussed.  It  was 
pointed  out  by  Professor  Newall  that  the  recent  work  of  Campbell,  Kapteyn, 
Russell,  and  others,  tended  to  upset  our  notions  of  the  manner  of  evolution  of  stellar 
systems  and  would  render  the  problem  of  discussing  stellar  types  somewhat  unsettled, 
and  he  questioned  the  necessity  of  appointing  a  committee.  Professor  Schuster 
remarked  that  the  same  persons  who  are  studying  the  sun  are  studying  the  stars, 
and  that  some  have  not  joined  the  Solar  Union  because  it  is  devoted  only  to  the  sun. 
It  would  soon  be  necessary  to  consider  the  question  of  stellar  classification  and  there 
was  no  body  so  representative  as  this  for  doing  so,  while  it  would  naturally  devolve 
on  the  Union,  sooner  or  later,  to  take  up  stellar  questions  with  which  solar 
research  is  so  intimately  connected.  Professor  Turner  referred  to  the  work 
of  the  Astrographic  Chart  which  was  also  being  extended,  and  he  thought 
that  the  course  of  events  would  be  such  that  the  two  international  organizations 
would  fill  the  field  of  astrometry  and  astrophysics.  Other  members  spoke  in 
favour  of  extending  the  scope  of  the  Union,  and  the  motion  was  carried  unanimously. 
A  full  report  of  the  deliberations  of  the  committee  on  spectral  classification,  which 
was  immediately  appointed,  and  of  which  I  have  the  honour  to  be  a  member,  is 
given  below. 
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After  the  decision  to  hold  the  next  meeting  at  Bonn,  in  1913,  the  appointing 
of  committees,  and  the  passing  of  resolutions  of  thanks,  the  1910  sessions  of  the 
International  Union  for  Co-operation  in  Solar  Research  was  formally  closed.  There 
remained,  however,  the  journey  down  the  mountain  which  only  occupied  about 
four  hours  and  was  much  more  pleasant  than  the  climb  up,  and  the  closing  function, 
a  banquet  given  by  Professor  and  Mrs.  Hale  to  the  members  and  those  accompanying 
them,  about  one  hundred  in  all,  at  the  Hotel  Maryland,  on  Saturday  evening.  Ow- 
ing to  the  indisposition  of  Professor  Hale,  to  the  disappointment  of  many  there, 
there  was  no  toast  list.  Professor  Kayser  proposed  very  pleasantly  the  health  of 
Professor  and  Mrs.  Hale,  which  was  fittingly  responded  to  by  Professor  Hale. 
The  preparations  had  been  made  with  the  greatest  care  and  the  menu  and  service 
were  excellent  .    It  was  a  fitting  close  to  a  memorable  meeting. 

By  Sunday  evening  nearly  every  delegate  had  left  Pasadena,  most  of  them  going 
northward  and  visiting  the  Lick  Observatory  and  the  University  of  California  before 
going  east.  I  spent  one  night  at  the  Lick  Observatory  and  renewed  acquaintance 
with  the  staff  and  the  methods  before  starting  homeward. 

Aside  from  the  direct  advantages  derived  from  my  attendance  as  representative 
of  our  Observatory  at  these  meetings,  which  will  be  referred  to  later,  it  is  possible 
that  such  direct  advantages  are  more  than  outweighed  by  the  indirect  benefits  such 
as,  the  inspiration  received,  and  the  enthusiasm  heightened  by  the  association  and  dis- 
cussion of  questions  of  mutual  interest  with  fellow  astronomers.  This  is  especially 
true  in  the  present  case  owing  to  the  notable  character  of  the  gathering,  the  most 
representative  and  world-wide  meeting  of  astronomers  ever  held  in  America. 

I  propose  to  give  a  more  full  account  of  the  three  committees  to  which  I  had 
the  honour  of  being  appointed,  inasmuch  as  they  have  a  more  direct  bearing  on  our 
work  than  the  others  above  mentioned.  The  first  of  these  connected  with  the 
Astronomical  and  Astrophysical  Society  of  America  was: 

The  Committee  on  Co-operation  in  the  Determination  of  Stellar 
Radial  Velocities. 

As  previously  stated,  this  committee  was  organized  at  the  request  of  Professor 
Campbell,  Director  of  the  Lick  Observatory,  at  the  Boston  meeting  of  the  Society, 
and  consists  of  the  following  members: — 

W.  W.  Campbell,  Director,  Lick  Observatory. 
E.  B.  Frost,  "       Yerkes  " 

Frank  Schlesinger,  "  Allegheny  " 
Karl  Schwarzschild,   "       Potsdam  " 

H.  F.  Newall,  "       University  Observatory,  Cambridge. 

J.  S.  Plaskett,  Dominion  Observatory. 

The  other  five  institutions  represented  in  this  committee  are  the  foremost  in 
the  world  in  astrophysical  research,  and  it  is  an  honour  for  the  Dominion  Observa- 
tory to  be  associated  with  them. 

This  committee  held  a  meeting  on  Mount  Wilson  on  Thursday  afternoon, 
September  1,  when  the  six  above  mentioned  attended,  and,  by  invitation,  Professor 
J.  Hartmann,  of  Gottingen,  and  V.  M.  Slipher,  of  Flagstaff.  At  this  meeting,  the 
question  of  the  necessity  and  advisability  of  co-operation  in  determining  the  radial 
velocities  of  stars  fainter  than  the  fifth  visual  magnitude  was  discussed.  It  seemed 
to  be  the  general  opinion  that  it  was  impracticable  for  any  observatory,  with  its 
present  equipment,  other  than  the  Lick,  with  its  large  and  efficient  telescope  and 
unrivalled  climate,  to  take  any  effective  part  in  obtaining  high  dispersion  spectra 
of  such  faint  stars,  no  matter  how  willing  they  would  be  to  co-operate  in  such  work. 
An  informal  discussion  took  place  upon  possible  means  of  overcoming  the  enormous 
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wastefulness  of  light  in  the  modern  stellar  spectrograph,  and  two  or  three  schemes 
were  suggested  for  helping  matters.  Professor  Newall  proposed  to  use  a  crystal 
of  some  neodymium  salt,  or  other  absorbing  material  capable  of  producing  lines, 
in  place  of  the  slit,  where  approximately  nine-tenths  of  the  light  is  lost,  so  that  the 
spectrograph  would  act  similarly  to  an  objective  prism  and  yet  have  the  good  qual- 
ities as  regards  temperature  correction  and  freedom  from  flexure  of  the  modern 
spectrograph.  Professor  Campbell  proposes  to  use  a  single-prism  spectrograph 
for  the  fainter  stars,  but  to  avoid  some  of  the  absorption  and  reflection  troubles 
and  difficulties  with  flexure  of  the  ordinary  one-prism  type,  to  make  it  of  the  Litt- 
row  form,  using  a  half-prism  silvered  to  return  the  light  back  along  its  original  path, 
and  tipping  the  prism  slightly  to  bring  the  spectrum  to  one  side  of  the  slit.  Other 
suggestions  in  regard  to  the  use  of  objective  prisms  were  made,  but  no  definite 
plans  proposed.  I  proposed  to  try  a  grating  as  the  dispersion  piece  if  one  sufficiently 
bright  in  one  order  could  be  obtained.  As  in  the  prism  train  of  the  modern  spectro- 
graph, about  70  per  cent,  of  the  light  is  lost  by  absorption  and  reflection,  it  is  evident 
that  a  grating  throwing  say  60  per  cent,  of  the  incident  light  into  one  order  will 
effect  a  considerable  saving.  Unfortunately,  although  such  a  grating  was  ordered 
six  months  ago,  it  has  not  yet  been  obtained,  but,  when  it  is,  should  be  well  worth 
trying.  It  was  tacitly  agreed  that  as  much  as  possible  along  the  lines  of  improving 
the  efficiency  of  the  spectrograph  should  be  done  before  the  next  meeting  of  the 
committee.  It  was  also  understood  that  any  one  of  the  members  having  the  good 
fortune  to  secure  a  telescope  of  larger  aperture,  should  co-operate  with  Professor 
Campbell  in  obtaining  the  spectra  of  the  fainter  stars.  The  radial  velocities  of 
practically  all  stars  to  5.0  visual  magnitude  have  already  been  obtained  at  the  Lick 
Observatory  and  its  southern  branch  at  Santiago  de  Chile.  The  determination  of 
the  radial  velocities  of  stars  fainter  than  the  fifth  magnitude  is  one  of  the  most 
pressing  problems  of  modern  astronomy,  as  upon  the  knowledge  of  such  radial 
velocities  depends  the  solution  of  many  statistical  studies  of  the  constitution, 
motions,  and  dimensions  of  the  sidereal  universe. 

The  observatory  that  is  able  to  take  an  active  and  efficient  part  in  obtaining 
such  radial  velocities  will  deservedly  take  high  rank  in  the  scientific  world.  It 
seems  to  me  to  be  an  opportunity  for  enhancing  our  country's  reputation  that  should 
not  be  missed,  for  a  telescope,  larger  than  any  in  use  and  one  which  will  enable 
correspondingly  fainter  stars  to  be  observed,  can  be  obtained  at  a  comparatively 
moderate  outlay.  Some  approximate  information  in  regard  to  this  has  been  given 
previously.  With  our  experience  and  record  in  obtaining  accurate  radial  velocities 
with  the  smallest  telescope  in  use  in  this  work,  there  should  be  no  difficulty  in  mak- 
ing, with  the  largest  instrument,  an  unrivalled  and  exceedingly  valuable  series  of 
observations;  and  also,  for  Canada's  Observatory,  a  reputation  second  to  none. 

Since  the  meeting  and  in  preparation  for  the  coming  meeting  of  the  Astro- 
nomical and  Astrophysical  Society  to  be  held  in  Ottawa  next  August,  I,  with  the 
other  members,  have  received  a  provisional  report  of  the  proceedings  of  the  com- 
mittee from  Professor  Campbell,  with  a  request  to  criticise  it  and  to  supply  any 
omissions.  I  give  here  a  copy  of  his  report  and  of  my  reply,  which  should  be  self 
explanatory. 

Professor  W.  J.  Hussey,  Secretary, 

The  Astronomical  and  Astrophysical  Society  of  America, 
Detroit  Observatory, 

Ann  Arbor,  Mich. 

Dear  Sir, — In  response  to  my  letter  of  suggestion  and  recommendation, 
dated  August  9,  1910,  that  the  Society  appoint  a  committee  'to  study  and 
report  upon  the  subject  of  co-operation  on  the  part  of  observatories  engaged 
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in  the  measurement  of  stellar  radial  velocities,'  your  letter  of  August  22,  1910, 
informed  me  that  my  communication  was  presented  to  the  Council  and  that 
'the  matter  was  discussed  and  then  referred  to  a  committee  consisting  of  the 
following  persons,  with  power  to  add  to  their  number: — 


The  suggestion  of  the  Council  that  this  committee  might  well  hold  a 
meeting  at  the  time  of  the  Solar  Union  Conference  was  adopted,  and  the 
committee  met  at  Mount  Wilson  on  September  1,  1910.  Present:  Campbell, 
Frost,  Schlesinger,  Plaskett,  Schwarzschild,  Newall;  and  by  invitation,  Hart- 
mann,  of  Gottingen,  and  Slipher,  of  Flagstaff. 

The  credentials  of  the  committee  seemed  to  be  ambiguous  as  to  whether 
the  committee  was  empowered  to  present  a  report  upon  the  main  question, 
or  whether  its  duties  were  limited  to  considering  and  reporting  upon  the 
wisdom  of  appointing  a  committee  to  deal  with  the  main  question;  but  we 
adopted  the  former  of  the  two  views,  and  we  discussed  the  points  which 
co-operation  would  bring  up  first  for  decision. 

My  original  letter  had  made  prominent  the  desirability  of  co-operation 
in  determining  the  radial  velocities  of  stars  fainter  than  5.0  visual  magnitude 
in  the  'Revised  Harvard  Photometry';  co-operation  on  stars  brighter  than  5.0 
not  seeming  essential,  as  the  programme  of  the  Lick  Observatory,  on  Mount 
Hamilton  and  at  Santiago,  Chile,  embracing  stars  down  to  5.0,  were  essentially 
complete,  not  including  the  investigation  of  spectroscopic  binary  systems,  nor 
stars  whose  spectra  contain  lines  too  poor  for  satisfactory  measurement  under 
high  dispersion. 

I  expressed  the  hope  that  we  should  be  able,  within  one  or  two  years,  to 
begin  upon  an  extensive  programme  for  the  determination  cf  radial  velocities 
of  stars  between  5.0  and  6.0  visual  magnitude,  and  that  this  work  might 
be  shared  by  several  observatories.  The  response  of  nearly  all  those  present 
(except  myself)  was  to  the.  effect  that,  however  strongly  they  might  desire 
to  engage  in  the  suggested  co-operative  plans,  their  instrumental  resources 
were  too  weak  to  give  promise  of  coping  successfully  with  many  stars  fainter 
than  5.0  visual  magnitude;  and,  further,  that  their  fields  of  greatest  present 
usefulness  consisted  in  the  study  of  specially  interesting  stars,  such  as  the 
known  spectroscopic  binary  systems,  which  are  for  the  most  part  brighter 
than  5.0  visual  magnitude.  In  effect,  the  committee  decided  that  co-oper- 
ation in  the  determination  of  radial  velocities  for  stars  fainter  than  5.0 
visual  magnitude  is  at  the  present  time  not  practicable,  and  I  was  requested 
to  present  a  report  embodying  this  decision. 

At  that  time  it  was  not  known  that  the  Carnegie  Solar  Observatory 
contemplated  the  making  of  stellar  radial  velocity  determinations.  A  few 
months  following  the  meeting  of  the  committee,  Professor  Walter  S.  Adams, 
acting  director  of  the  Carnegie  Solar  Observatory,  consulted  with  me  con- 
cerning a  practicable  programme  of  radial  velocity  determinations  for  the 
Solar  Observatory,  and  we  have  been  considering  the  subject  in  correspond- 
ence. It  is  not  improbable  that  the  main  radial  velocity  programmes  of  the 
Lick  Observatory  on  Mount  Hamilton  and  in  Chile,  and  of  the  Solar  Ob- 
servatory during  the  next  few  years  will  be  upon  a  co-operative  basis,  to  the 
extent  that  the  Lick  Observatory  programme  will  include  stars  between 
5.0  and  5.5  visual  magnitude,  and  the  Solar  Observatory  programme  (for 
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observation  with  the  60-inch  reflector)  will  be  composed  of  stars  fainter  than  5.5 
visual  magnitude.  However,  the  decision  of  many  questions  relating  hereto  awaits 
the  return  of  Professor  Hale  to  active  duty  in  the  Solar  Observatory. 

No  action  was  taken  as  to  recommending  that  the  committee  be  continued 
or  discharged. 

I  personally  regret  that  the  number  of  observatories  prepared  to  engage  in  co- 
operative programmes  is  so  small,  and  hope  that  the  not  distant  future  may  lead  to 
a  decision  more  favourable  to  co-operative  plans.  Those  of  us  who  have  had 
occasion  to  base  investigations  concerning  the  sidereal  system  upon  radial  velocity 
results  have  constant  regret  that  the  number  of  available  velocities  is  not  greater. 
The  number  of  stellar  radial  velocities  now  known,  not  counting  uninvestigated 
spectroscopic  binary  systems  nor  stars  whose  spectral  lines  are  too  poor  for  satis- 
factory measurement,  is  in  the  neighbourhood  of  1200.  It  is  my  hope  and  personal 
belief  that  within  two  decades  we  shall  know  the  radial  velocities  of  as  many  stars  as 
are  now  contained  in  catalogues  of  stars  whose  proper  motions  are  fairly  determined. 

Respectfully  submitted  for  the  committee, 

W.  W.  Campbell, 

Chairman. 

Professor  W.  W.  Campbell, 

Chairman  Committee  on  Co-operation  in  Radial  Velocities. 

Dear  Sir, — In  reference  to  the  provisional  report  of  the  committee  on  co- 
operation in  radial  velocity  work,  which  you  have  been  so  good  as  to  send  me,  I 
would  say  that  it  represents  to  the  best  of  my  recollection  the  general  trend  of  the 
discussion  at  the  meeting  on  Mount  Wilson. 

There  seemed  to  be,  however,  at  the  meeting  a  feeling  that,  although  the  in- 
strumental equipment  at  most  observatories  was  not  sufficiently  powerful  to  suc- 
cessfully undertake  the  observation  of  stars  fainter  than  5.0  visual  magnitude,  it 
might  be  possible  to  overcome  part  of  the  enormous  loss  of  light  which  takes  place 
in  the  modern  spectrograph,  and  to  so  increase  the  efficiency  that,  even  with  the 
present  light  gathering  power,  fainter  stars  might  be  successfully  observed.  It 
was  agreed,  I  believe,  that  those  who  were  unable  to  co-operate  at  present  should 
endeavour,  by  investigation  and  experiment,  to  evolve  a  method  by  which  some  of 
the  great  loss  of  light  might  be  obviated.  There  was  some  discussion  in  regard  to  the 
use  of  the  objective  prism  with  the  absorbing  screen  devised  by  Professors  Pickering 
and  Wood,  and  I  understand  that  Professor  Newall  is  to  experiment  along  that  line. 
A  further  proposal  was  to  experiment  with  gratings  so  ruled  as  to  diffract  the  greater 
part  of  the  light  into  one  order.  I  may  say  that  we  have  an  order  at  Baltimore  for 
such  a  grating  with  good  prospects  that  the  order  will  soon  be  rilled.  We  have  at 
present  a  6"  plane  grating  in  which  about  45^c  of  the  incident  light  is  thrown  into 
the  1st  order  on  one  side,  an  efficiency  which  is  considerably  greater  than  that  given 
by  the  prism  train  of  the  modern  three-prism  spectrograph.  You,  I  believe,  propose  to 
use  the  Littrow  form  of  spectrograph  with  a  silvered  half-prism  as  dispersing  piece. 

I  feel  personally  much  regret  that  at  present  we  are  unable  to  co-operate  in 
determining  the  radial  velocities  of  stars  fainter  than  5 . 0  visual  magnitude,  and  can 
assure  you  that  if  we  had  the  necessary  equipment  we  would  be  not  only  willing  but 
anxious  to  engage  in  such  a  scheme.  Furthermore,  as  soon  as  we  are  able  to  obtain 
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greater  light  gathering  power  we  would  be  glad  to  devote  the  greater  part  of  the  time 
in  such  a  cause,  which  is  I  think  one  of  the  most  urgent  in  present  day  astronomy. 

In  regard  to  the  last  paragraph  of  the  report  I  see  no  reason  whatever  why  it 
should  not  be  included  and  heartily  concur  in  the  hope  therein  expressed. 

Yours  very  truly, 

J.  S.  Plaskett. 


Committee  on  the  Determination  of  the  Solar  Rotation  by  the  Displacements  of  the 

Spectral  Lines. 

A  committee  on  this  research  was  originally  appointed  at  the  Meudon  meeting 
of  the  Solar  Union,  but,  as  no  secretary  was  appointed  nor  scheme  outlined,  little 
has  been  done  in  the  direction  of  co-operative  work.  Previous  to  the  meeting  at 
Mount  Wilson,  Mr.  Adams,  who  has  completed  a  splendid  determination  of  the 
solar  rotation,  sent  a  letter,  somewhat  along  the  lines  of  the  report  below,  to  those 
whom  he  thought  would  be  interested  in  the  work.  As  a  result  of  this  letter,  a 
meeting  was  held  on  the  afternoon  of  Thursday,  September  1,  at  which  were  present 
all  the  members  who  had  undertaken  or  were  likely  to  undertake  work  along  this  line. 
This  meeting  was  most  enthusiastic  and  business-like,  and  as  every  one  was  in  earnest 
a  definite  working  programme  was  soon  outlined.  Co-operation  was  carried  in  this 
scheme  to  an  extent  sufficient  to  prevent  overlapping,  to  enable  accurate  comparisons 
of  results,  etc.,  to  provide  for  elimination  of  systematic  errors,  without  in  any  way 
hampering  individuality  of  treatment  or  originality  of  methods.  The  basis  of  the 
agreement  as  will  be  seen  in  the  report  was  the  division  of  the  spectrum  in.to  7 
regions,  one  for  each  member  of  the  committee.  These  regions  extend  from 
a  3800  to  a  6250.  Each  observer  is  to  determine  the  rotation  from  the  region  of 
spectrum  allotted  to  him  about  200  A  in  length  and  in  addition  from  a  general  or 
common  region  observed  by  all.  This  region  was  chosen  between  A  4220  and 
a  4280,  the  centre  of  the  region  used  by  Adams  in  his  determination. 

The  latitudes  to  be  observed  are  0°,  15°,  30°,  45°,  60°  and  75°,  and,  if  possible, 
higher  latitudes  between  75°  and  the  pole  in  the  special  regions,  and  0°,  30°  and 
60°  in  the  common  region. 

At  the  meeting  of  the  Union  on  Friday  morning,  the  provisional  report  was  read, 
including  the  basis  of  agreement  reached  in  the  organization  meeting,  and  was 
accepted  with  little  discussion,  but  with  congratulations  on  the  business-like  and 
complete  nature  of  the  report,  and  the  following  committee  was  formally  appointed 
as  the  Rotation  Committee  of  the  International  Solar  Union.  I  give  here  the  region 
of  spectrum  allotted  to  each. 


3800  -  4000  Belopolsky  Pulkova 

4000—4140  Schlesinger  Allegheny 

4300-4500  Newall  Cambridge 

4500  -  4700  Adams  Mt.  Wilson 

5100-5300  Adams  Mt.  Wilson 

5500-5700  Plaskett  Ottawa 

6250-6350  Dyson  Edinburgh 


A  copy  of  the  report  is  herewith  appended. 

'  The  organization  of  the  Committee  on  the  Rotation  of  the  Sun  appointed  at 
the  Meudon  meeting  of  the  International  Solar  Union  has  never  been  completed 
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by  the  appointment  of  a  secretary,  and  little  has  been  done  in  the  direction  of  co- 
operative work.  At  a  meeting  of  the  committee  yesterday,  however,  a  temporary 
organization  was  effected  and  a  full  programme  of  work  discussed. 

'  The  principal  objects  of  a  study  of  the  sun's  rotation  by  means  of  the  displace- 
ments of  the  spectrum  lines  may  be  referred  to  under  five  heads: — 

1.  The  accurate  determination  of  the  angular  velocity  of  rotation  at  various 
latitudes,  and  the  derivation  of  a  formula  representing  with  a  high  degree  of  pre- 
cision the  \ariation  of  velocity  with  latitude. 

2.  A  definite  conclusion  as  to  the  existence  of  secular  or  periodic  variations  in 
the  sun's  rate  of  rotation. 

3.  The  investigation  of  the  rate  of  rotation  as  shown  by  the  lines  of  different 
elements,  and  of  the  arc  and  enhanced  lines  of  the  same  element,  with  a  view  to 
determining  whether  either  the  absolute  rate  of  rotation  or  the  law  of  variation  with 
latitude  differs  for  different  substances. 

4.  The  study  of  lines  selected  from  different  regions  of  the  spectrum. 

5.  The  detection  of  possible  systematic  proper  motions  or  drifts  in  the  sun's 
reversing  layer. 

•  At  the  present  time  the  evidence  appears  to  be  strong  that  the  type  of  formula 

i  =  a+b  cos*  <(> 

connecting  angular  velocity  £  and  latitude  4>,  first  suggested  by  Faye  as  the  result 
of  his  discussion  of  the  observations  of  the  motion  of  sun-spots,  represents  with  a 
considerable  degree  of  accuracy  the  results  obtained  from  spectrograph^  obser- 
vations. The  series  of  observations  by  Duner,  Halm  and  Adams  are  all  tolerably 
accordant  in  this  respect.  It  is,  however,  by  no  means  certain  that  a  term  in  cos'  <j> 
may  not  exist.  The  effect  of  such  a  term  would,  of  course,  be  most  marked  in  the 
higher  latitudes  where  observations  are  most  difficult  and  the  influence  of  errors  in 
position  angle  is  most  serious.  At  75°  of  latitude,  for  example,  an  error  of  0°.38 
in  position  angle  would  correspond  to  about  0.01km.  in  linear  velocity  or  0°.3 
in  angular  velocity.  It  is  clear  that  observations  in  the  higher  latitudes  are  greatly 
needed,  and  that  for  this  purpose  a  large  solar  image  is  very  desirable. 

'  The  question  of  a  variation  in  the  sun's  rate  of  rotation  is  still  an  open  one, 
although  the  evidence  at  present  is  rather  opposed  to  the  existence  of  short  period 
variations  of  any  considerable  amount.  Systematic  observations  covering  at  least 
two  sun-spot  maxima  and  minima  are  required  for  the  purpose  of  determining  a 
possible  relationship  between  the  sun's  activity  and  its  rate  of  rotation. 

'  The  observations  of  Perot'  Schlesinger  and  Adams  during  the  last  two  years  are 
.■all  in  agreement  in  showing  that  the  lines  of  different  elements  give  different  ro- 
tational velocities.  The  elements  showing  the  greatest  apparent  differences  of 
level  in  the  sun's  atmosphere  appear  to  give  the  largest  differences  in  rotational 
-velocity.  Among  the  high  level  elements  are  hydrogen  and  calcium,  and  among  the 
low  level  elements  cyanogen  and  lanthanum.  The  number  of  elements  investigated 
should  be  considerably  increased  in  future  work,  and  in  particular  such  should  be 
included  as  are  of  low  or  very  high  atomic  weight.  The  important  result,  appar- 
ently indicated  by  the  Mount  Wilson  observations,  that  the  law  of  change  of  velocity 
with  latitude  as  well  as  the  absolute  velocity  differs  for  different  elements,  requires 
much  additional  study.  It  now  seems  probable  that  the  investigation  of  the  be- 
havior of  special  lines  will  soon  form  one  of  the  most  important  branches  of  the 
subject  of  the  sun's  rotation. 
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'  The  change  from  visual  to  photographic  methods  of  observation  has  led  natur- 
ally to  a  change  in  the  region  of  the  spectrum  employed  from  the  longer  to  the 
shorter  wave-lengths.  Thus  at  the  present  time,  Professor  Plaskett  is  using  the 
region  from  about  A  4430  to  a  4600,  Dr.  Schlesinger  A  4060  to  A  4140,  and  the 
Mount  Wilson  observers  from  A  4100  to  A  4300.  As  compared  with  these,  the 
visual  observations  of  Duner  and  Halm  were  made  on  two  iron  lines  near  A  6300, 
while  the  interferometer  results  of  M.  Perot  were  based  on  two  lines  of  calcium 
at  A  5349  and  A  6122.  It  seems  very  desirable,  in  view  of  the  possibility  of  a  re- 
lationship between  the  values  of  the  rotational  velocity  and  the  region  of  the  spec- 
trum observed,  that  a  large  range  of  spectrum  be  covered  by  the  various  series  of 
observations. 

'  With  the  recent  marked  improvements  in  methods  of  sensitizing  photographic 
plates  to  the  less  refrangible  part  of  the  spectrum,  it  will  not  be  difficult  to  secure 
satisfactory  photographs  on  fine-grained  plates  of  any  portion  of  the  visible  spectrum. 

'The  fifth  and  last  point  under  consideration  in  the  general  discussion  is  that 
of  proper  motions  in  the  sun's  reversing  layer.  A  striking  case  of  this  sort  in  the 
vicinity  of  two  sun-spots  was  observed  by  Adams  at  Mount  Wilson  in  1908,  but, 
except  for  this  isolated  case,  practically  nothing  is  known  regarding  their  occurrence 
in  the  solar  atmosphere.  Any  knowledge  as  to  their  prevalence  or  direction  of 
motion  will  prove  of  the  greatest  importance  in  the  theory  of  the  general  solar 
circulation. 

'In  view  of  these  considerations  regarding  the  present  condition  of  our  knowledge 
of  the  rotation  of  the  sun,  the  committee  at  its  meeting  undertook  the  organization 
of  co-operative  work,  and  to  this  end  made  the  following  recommendations  to 
observers: — 

1.  That  the  observers  select,  at  least  to  a  partial  extent,  different  regions  of 
the  spectrum  so  that  the  total  range  of  wave-length  under  observation  may  be  as 
great  as  possible. 

'  By  general  consent  of  those  present  at  the  meeting  of  the  committee,  the  fol- 
lowing regions  of  the  spectrum  were  selected  by  the  various  observers: — - 


2.  That  within  these  regions  the  selection  of  lines  be  made  with  a  view  to  the 
inclusion  of  a  considerable  number  of  elements,  particularly  such  as  are  of  very  high 
or  very  low  atomic  weight,  as  well  as  the  enhanced  and  the  arc  lines  of  the  same 
element. 

3.  That  an  agreement  be  made  upon  the  latitudes  to  be  observed. 

'After  considerable  discussion  the  committee  decided  to  recommend  the  fol- 
lowing points  of  heliographic  latitude: — 

0°,  15°,  30°  45°,  60°,  75°. 

4.  That  an  especial  attempt  be  made  to  secure  observations  in  the  highest 
latitudes,  particularly  between  75°  and  90°. 

'One  or  two  of  the  observers  present  expressed  their  willingness  to  attempt 
determinations  at  latitudes  80°  and  85°. 


3800-4000 
4000-4140 
4300-4500 
4500-4700 
5100-5300 
5500-5700 
6250-6350 


Belopolsky. 
Schlesinger. 


Newall. 
Adams. 
Adams. 
Plaskett 
Dyson. 
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5.  That  a  short  list  of  selected  hues  be  employed  by  all  of  the  observers  in 
common,  the  results  to  serve  as  a  check  upon  instrumental  or  personal  errors,  and 
that  a  list  of  the  points  of  latitude  to  be  observed  accompany  this  list. 

'The  Committee  selected  for  this  purpose  the  portion  of  the  spectrum  between 
A4220  and  A4280,  and  the  three  points  of  latitude  0°,  30°  and  60°.  The  secre- 
tary was  authorized  to  choose  a  list  of  lines  and  forward  it  to  the  various  observers 
for  approval. 

6.  That  an  attempt  be  made  to  secure  at  least  one  independent  series  of  ob- 
servations in  each  of  the  solar  hemispheres  with  a  new  to  determining  a  possible 
difference  in  the  rate  of  rotation. 

'Several  observers  expressed  their  willingness  to  undertake  such  observations 
of  this  character  as  the  construction  of  their  instruments  would  permit. 

'Since  the  meeting  held  yesterday  is  the  first  since  its  appointment,  the  com- 
mittee does  not  desire  at  this  time  to  offer  a  formal  set  of  resolutions,  but  rather 
to  secure  authorization  from  the  International  Union  for  Co-operation  in  Solar 
Research  to  proceed  along  the  lines  indicated  in  this  report  until  the  next  meeting 
in  1913.  At  that  time  it  should  be  possible  to  offer  a  definitive  series  of  conclusions 
for  action  by  the  International  Union.' 

There  is  little  to  add  to  the  above  report,  which  practically  tells  the  whole  story 
of  what  has  been  arranged  as  regards  co-operative  work  on  the  solar  rotation. 
Since  the  meeting  Professor  Adams  sent  around  a  list  of  six  iron  lines  for  observing 
in  the  common  region.  At  my  suggestion  the  list  was  increased  to  ten  and  was 
slightly  changed  to  include  some  of  those  observed  by  Adams  to  give  either  higher 
or  lower  values  than  the  general  reversing  layer.  The  following  are  the  ten  lines 
selected  with  the  element,  intensity  and  whether  it  gives  high  or  low  velocity  as 
observed  by  Adams.  In  addition  to  the  ten  I  propose  to  measure  five  other  lines 
which  gave  varying  velocities  according  to  Adams.  The  latter  are  given  below  the 
general  list. 

Lines  to  be  measured  in  General  Region. 


Line. 

Element. 

Intensity. 

Remarks. 

4220 -509 

3 

4225-619 

3 

4232-887 

2 

4241-285 

2 

4246-996 

5 

4257-815 

2 

High  Value. 

4258-477 

2 

4266  081 

2 

High  Value. 

4268-915 

2 

4276-836 

2 

Additional  Lines. 


4196-699 

2 

Low  Value. 

4197-257 

2 

Low  Value. 

4216- 136 

2 

Low  Value. 

4290-377 

2 

Low  Value. 

4291-630 

2 

High  Value. 

The  result  of  the  measurement  of  these  lines  should  be  of  considerable  interest  on 
comparison  with  the  values  obtained  by  Adams. 
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Committee  on  Classification  of  Stellar  Spectra. 

The  discussion  resulting  in  the  appointment  of  this  committee  has  already  been 
given  in  this  report  .  Immediately  after  the  close  of  the  general  meeting  on  Friday, 
this  committee  at  the  call  of  the  chairman  met  and  discussed  the  question  informally. 
The  gist  of  that  discussion  is  given  in  a  circular  letter  issued  later  by  the  secretary, 
Dr.  Schlesinger,  which  is  given  in  full  below.  Beneath  it  is  a  copy  of  my  reply  to 
the  questions  raised  therein.  The  members  of  the  committee,  which  is  very  re- 
presentative, including  practically  everyone  working  on  stellar  spectroscopy,  are 
given  in  the  secretary's  letter. 

Allegheny  Observatory,  Nov.  7,  1910. 

Dear  Mr.  Plaskett. — At  the  Fourth  Conference  of  the  International  Union 
for  co-operation  in  Solar  Research,  the  following  gentlemen  were  appointed  to  serve 
as  a  "Committee  on  the  Classification  of  Stellar  Spectra": — Messrs.  Adams, 
Campbell,  Frost,  Hale,  Hamy,  Hartmann,  Kapteyn,  Newall,  Pickering  (Chairman)', 
Plaskett,  Russell,  Schlesinger  (Secretary)  and  Schwarzschild. 

This  committee  met  on  Mount  Wilson  on  September  2,  immediately  after 
the  adjournment  of  the  conference  itself.  In  accordance  with  power  to  add  to  t  heir 
Dumber,  it  was  unanimously  decided  to  ask  Mr.  Kiistner  to  serve,  and  he  was 
present  at  this  meeting.  Messrs.  Hale  and  Campbell,  who  had  already  left  the 
mountain,  were  the  only  absentees. 

The  chairman  called  upon  each  member  in  turn  to  express  his  views  concerning 
the  classification  of  stellar  spectra  and  his  opinion  as  to  what  the  scope  of  the  com- 
mittee should  be.  A  brief  summary  of  this  discussion  follows: — Mr.  Adams  pre- 
ferred the  Draper  Classification*,  and  thought  that,  if  the  members  of  the  committee 
themselves  would  use  this  classification  exclusively,  until  say  the  next  meeting  of  the 
Solar  Union,  it  would  go  far  toward  establishing  uniformity.  Mr.  Kiistner  pre- 
ferred the  Draper  Classification  and  was  using  it  exclusively.  Mr.  Hartmann 
thought  that  the  Draper  Classification  was  the  best  that  had  been  proposed,  but 
hoped  that  an  effort  would  be  made  to  retain  the  Roman  numerals  of  Secchi, 
that  have  now  become  classic,  and  that  the  subdivisions  be  made  as  in  the  Draper 
system  by  the  addition  of  Arabic  numerals;  thus,II,3.  Mr.  Schwarzschild  expressed 
similar  views,  and  thought  that  it  might  be  advantageous  to  employ  both  Secchi's 
numerals  and  Pickering's  letters;  thus,  IIG5.  Mr.  Russell  suggested  the  advisa- 
bility of  substituting  some  method  for  measuring  the  type  of  spectrum  for  the  esti- 
mations that  are  now  employed,  and  asked  whether  this  could  not  be  applied  to  the 
Draper  Classification.  Mr.  Plaskett  preferred  the  Draper  Classification,  but  said 
that  as  he  believed  uniformity  to  be  the  prime  consideration  he  would  gladly  adopt 
whatever  system  could  be  agreed  upon.  Mr.  Frost  thought  that  the  committee 
should  make  no  recommendation  at  the  present  time  but  should  first  canvass  the 
whole  subject  thoroughly;  it  appeared  to  him  desirable  to  investigate  the  visual 
end  of  the  spectrum  in  connection  with  the  photographic  before  arriving  at  a  de- 
finite conclusion.  Mr.  Schlesinger  preferred  the  Draper  Classification  and  had 
decided  to  use  it  exclusively;  he  called  attention  to  the  desirability  of  making  further 
distinction  among  the  numerous  spectra  that  are  now  classified  as  A  without  any 
modifying  number;  he  thought  that  any  attempt  to  establish  a  temporary  uni- 
formity now  might  prove  an  obstacle  to  the  universal  adoption  of  some  more 


*  This  classification  is  described  in  the  Annals  of  Harvard  College  Observatory,  Volume 
LVI,  page  66.  The  letters  O,  B,  A,  F,  G,  K,  M  and  N  are  used  to  designate  the  sequence  of 
the  spectra.  Numerals  from  1  to  9  after  the  letter  denote  intermediate  spectra;  thus,  B3  would 
be  assigned  to  a  spectrum  between  B  and  A,  but  more  nearly  resembling  the  former. 
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definite  system  later.  Mr.  Xewall  asked  whether  a  spectrum  might  nut  be  inter- 
mediate between  two  letters  in  the  Draper  Classification  that  are  not  consecutive, 
as  A5G.  Mr.  Pickering  said  in  reply  that  such  cases  have  not  arisen  in  practice. 
Mr.  Xewall  raised  the  question  whether  the  committee  should  not  consider  the 
matter  of  stellar  evolution.  The  members  present  seemed  to  be  of  the  opinion  that 
this  was  legitimately  within  the  scope  of  the  committee,  but  that  its  immediate 
business  should  be  the  establishment  of  a  uniform  system  for  classification.  Messrs. 
Russell,  Hartmann,  Kapteyn  and  Schlesinger  urged  that  no  evolutionary  basis 
for  a  classification  be  adopted  at  the  present  t  ime ;  astrophysicists  are  not  agreed  as 
to  the  proper  sequence  from  this  point  of  view;  if  our  ideas  upon  this  matter  should 
be  modified  in  the  near  future  (as  seems  very  possible),  then  it  would  be  necessary 
to  modify  or  to  abandon  altogether  any  system  of  classification  based  upon  these 
ideas.  For  similar  reasons  Mr.  Russell  asked  that  the  use  of  such  terms  as  "early" 
and  "late,"  now  so  frequently  used  in  describing  spectra,  be  discontinued  in  favor 
of  "white"  and  "red." 

The  secretary  was  directed  to  secure  by  correspondence  as  full  an  expression 
of  opinion  as  possible,  from  the  members  of  the  committee  and  others,  on  the  mat- 
ters that  had  been  discussed.    The  meeting  adjourned. 

In  accordance  with  this  request,  the  following  questions  have  been  framed*, 
and  you  are  asked  to  reply  to  them  at  length.  In  addition  it  is  hoped  that  you 
will  give  your  view  in  full  upon  any  other  points  that  may  occur  to  you  as  being 
important  in  this  connection. 

(1)  .  It  will  be  noticed  that,  at  the  meeting  reported  above,  there  seemed 
to  be  a  practically  unanimous  opinion  that  the  Draper  Classification  is  the 
most  useful  that  has  thus  far  been  proposed.  Do  you  concur  in  this  opinion? 
If  not,  what  system  do  you  prefer? 

(2)  .  In  any  case,  what  objections  to  the  Draper  Classification  have 
come  to  your  notice,  and  what  modifications  do  you  suggest? 

(3)  .  Do  you  think  it  would  be  wise  for  this  committee  to  recommend 
at  this  time  or  in  the  near  future,  any  system  of  classification  for  universal 
adoption?  If  not,  what  additional  observations  or  other  work  do  you  deem 
necessary  before  such  recommendation  should  be  made?  Would  you  be 
willing  to  take  part  in  this  work? 

(4)  .  Do  you  think  it  desirable  to  include  in  the  classification  some  sym- 
bol that  would  indicate  the  width  of  the  lines,  as  was  done  by  Miss  Maury 
in  Annals  of  the  Harvard  College  Observatory,  Volume  XXVIII? 

(5)  .    What  other  criteria  for  classification  would  you  suggest? 

Although  it  is  not  the  intention  of  the  committee  to  frame  a  formal  report  at 
once,  it  is  desirable  that  your  answers  to  some  of  these  questions  should  be  forth- 
coming very  soon;  this  is  particularly  the  case  with  the  third  question.  May 
I  therefore  request  that  your  reply  be  sent,  if  possible,  so  as  to  reach  me  riot  later 
than  the  end  of  this  calendar  year?  If  you  can  secure  an  expression  of  opinion  from 
any  other  qualified  astronomer,  it  will  be  very  welcome. 

Very  respectfully  yours, 

Frank  Schlesinger, 

Secretary  of  the  Committee. 

*  The  general  form  that  these  questions  should  take  was  discussed  at  several  informal 
meetings  on  the  train  coming  east  from  the  meeting  at  Pasadena.  There  were  present  at  these 
meetings  the  Chairman  and  the  Secretary  of  the  Committee,  Mr.  Russell  and  (by  invitation) 
Father  Cortie. 
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Ottawa,  Ont.,  Jan.  26,  1911. 

Dr.  Frank  Schlesinger, 

Secretary  International  Committee  on 

Classification  of  Stellar  Spectra. 

Dear  Sir. — In  reply  to  the  questions  formulated  in  your  letter  of  November 
7th  last,  in  regard  to  the  Classification  of  Stellar  Spectra,  I  have  pleasure  in  pre- 
senting the  following. 

1.  The  Draper  Classification  is  the  most  useful  scheme  hitherto  proposed, 
but  it  is  possible  that  it  might  be  improved  upon  in  some  respects. 

2.  The  principal  objection  to  the  Draper  Classification  occurring  to  me  is  that 
the  designations  of  the  different  types  of  spectra  do  not  of  themselves  suggest 
anything  in  regard  to  the  character  of  the  spectra,  and  are  in  this  respect  arbitrary 
and  unsatisfactory.  It  is  of  course  true  that  familiarity  with  and  use  of  the  Draper 
system  soon  diminishes  the  weight  of  this  objection,  but  for  those  using  or  referring 
to  it  occasionally  a  system  of  nomenclature  which  would  at  once  suggest  the  type 
of  spectrum  designated  would  be  a  decided  advantage,  and  I  would  suggest  that  the 
committee  consider  the  possibility  of  such  a  modification.  Would  it  be  possible 
to  combine  the  simplicity  and  the  universally  known  features  of  Secchi's  nomen- 
clature with  the  more  complete,  systematic,  and  consecutive  division  of  the  spectral 
types  in  the  Draper  Classification?  There  is  of  course  the  objection  that  one  would 
have  a  tendency  to  associate  the  order  of  the  numerals  therein  used  with  the  order 
of  stellar  development,  and  this,  considering  the  present  state  of  our  knowledge  of 
stellar  evolution,  would  be  inadvisable.  A  similar  objection  may  be  urged  to  the 
designation  of  the  Draper  subdivisions  in  that  they  are  always  used  in  one  order; 
thus,  always  A4F  never  F6A,  tacitly  assuming  that  stars  develop  from  the  A  to 
the  F  types  and  not,  as  may  be"  possible,  from  F  to  A. 

3.  In  my  opinion,  the  question  in  all  its  bearings  should  be  discussed  as  fully 
as  possible  by  correspondence,  so  that  at  the  next  meeting  of  the  Solar  Union  at 
Bonn  in  1913,  the  committee  may  be  prepared  to  recommend  some  scheme  of 
spectral  classification  for  universal  adoption.  It  does  not  seem  to  me  advisable 
to  formulate  any  system  before  that  date,  as  it  can  only  be  put  into  satisfactory  shape 
after  personal  meet  ings  and  discussions  among  the  members,  and  such  meetings  will 
not  likely  be  possible  until  the  next  Solar  Conference.  On  the  other  hand,  the  only 
thing  that  would  justify  a  longer  delay  than  that  necessary  for  a  full  consideration 
of  the  question  would  be  the  chance  of  obtaining,  in  the  near  future,  some  more 
positive  knowledge  of  the  order  and  process  of  stellar  evolution  than  we  at  present 
possess.  The  probability  of  a  final  solution  of  that  problem  is  not  in  my  opinion 
sufficiently  great  to  justify  a  long  postponement  of  the  advantages  that  will  undoubt- 
edly accrue  from  the  adoption  of  some  uniform  system  of  spectral  classification. 

It  seems  to  me  desirable  before  a  definite  classification  is  adopted  that  some 
work  be  done  on  the  red  end  of  stellar  spectra  up  to  and  including  Ha.  It  is 
possible  that  very  valuable  criteria  for  the  division  and  distinction  of  the  various 
types  may  be  obtained  from  the  behaviour  of  some  of  the  lines,  such  as  the  sodium 
"D",  the  helium  "D."  and  the  magnesium  "b",  between  Ha  and  Hp.  It  would 
be  necessary  to  obtain,  with  a  reasonably  high  dispersion,  not  less  than  50  A  per 
mm.,  photographs  of  the  red  end  of  the  spectrum  of  representative  stars  of  the  dif- 
ferent spectral  subdivisions,  before  it  could  be  determined  whether  any  modifications 
of  existing  divisions  would  be  required.  Such  work  and  any  further  work  that  might 
develop  I  would  be  willing  to  take  part  in. 
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4.  It  seems  to  me  to  be  essential,  or  at  least  very  desirable,  in  any  complete 
system  of  classification  to  introduce  some  method  of  representing  the  width  of  the 
lines.  It  is  undoubtedly  true  that  there  is  frequently  much  greater  difference  in 
the  appearance  of  two  stars  of  the  same  type,  one  with  wide  and  one  with  narrow 
lines,  than  between  two  stars,  each  with  narrow  lines,  of  types  one  or  more  sub- 
divisions apart.  It  may  not  be  necessary  to  introduce  a  separate  symbol  to  repre- 
sent the  character  of  the  lines.  If  we  consider  all  spectra  with  sharp  or  moderately 
sharp  lines  as  normal  and  represent  them  in  the  ordinary  way,  then  spectra  with 
diffuse  lines  might  be  differentiated  from  the  normal  by  the  use  of  the  same  distin- 
guishing letters  and  figures,  but  in  different  type,  e.g.,  sloping  or  italic. 

5.  No  other  criterion  necessary  in  a  scheme  of  classification  occurs  to  me. 

Yours  very  respectfully, 

J.  S.  Plaskett. 

It  will  be  seen  from  this  report  of  the  proceedings  of  these  two  meetings,  how 
essential  it  is  that  the  Observatory  should  be  personally  represented  at  such  im- 
portant meetings  as  these.  The  appointment  of  its  representative,  myself,  on  three 
committees  dealing  with  far  reaching  international  astronomical  questions  is  an 
evidence  I  take  it  of  the  standing  our  Observatory  has  already  attained  by  its  work. 
I  take  it  as  a  personal  compliment,  as  well  as  a  recognition  of  our  scientific  standing, 
to  be  associated  with  such  men  as  Hale,  Pickering,  Campbell,  Frost,  Adams  and 
Schlesinger  of  America,  Dyson  (Astronomer  Royal),  and  Newall  of  England,  and 
Kapteyn,  Schwartzschild,  Hartmann  and  others  of  Europe  in  the  discussion  of  and 
co-operation  in  the  three  important  and  far-reaching  problems  above  dealt  with. 
I  am  satisfied  that  our  work  in  the  future  will,  at  least,  not  lessen  the  estimation 
in  which  we  are  held,  but  will  increase  it.  This  will  especially  be  the  case  if  it  were 
possible  for  us  to  take  the  great  step  forward  of  securing  adequate  telescopic  power 
which  has  been  already  referred  to. 

It  may  be  of  interest  to  give  a  brief  summary  of  the  advantages  accruing  to  the 
Observatory  from  my  attendance  as  its  representative  at  these  two  meetings. 
The  indirect  advantages  have  been  already  referred  to  previously,  but  there  is  the 
one  direct  advantage  of  the  clear  cut  understanding  arrived  at  in  regard  to  the  work 
on  the  solar  rotation,  which  enables  us  to  work  most  effectually  along  definitely 
laid  down  lines  with  no  danger  of  duplication  of  work,  and,  at  the  same  time,  with- 
out in  the  least  hampering  originality  of  method  or  individuality  of  treatment. 
Furthermore,  we  are  well  assured  by  its  inclusion  in  the  work  of  the  Solar  Union  of 
the  great  value  and  usefulness  of  the  work  when  completed.  Although  it  was  not 
possible  to  arrange  such  a  definite  scheme  of  co-operation  in  stellar  radial  velocity 
investigation,  the  work  of  this  committee  is  at  least  equally  valuable  and  will  un- 
doubtedly also  have  most  important  results.  So  far  as  the  question  of  spectral 
classification  is  concerned,  the  removal  of  the  confusion  at  present  existing  in  de- 
fining the  spectral  type  of  the  stars  is  of  great  moment  to  the  future  progress  of 
astronomy,  and  the  representative  committee  at  work  on  this  question  should  be 
able  to  eventually  formulate  a  permanent  scheme. 

To  these  direct  advantages,  to  the  advantage  of  the  formal  association  of  our 
Observatory  with  the  greatest  observatories  of  the  world  effected  by  my  attendance 
at  these  meetings,  is  to  be  added  the  indirect  benefit  derived  by  me  and,  through  me 
I  hope,  to  my  work  by  the  inspiration  received,  and  the  enthusiasm  renewed  and 
increased  from  the  association  with  fellow  astronomers  and  the  informal  discussion 
of  questions  of  mutual  interest. 

I  desire  here  to  express  my  thanks  to  you  for  the  privilege  and  honour  of 
attending  these  meetings  as  the  representative  of  the  Observatory. 
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Micrometric  Work  and  Celestial  Photography. 

This  work  has  been  energetically  carried  on  as  in  former  years  by  Mr.  Mother- 
well, and  the  detailed  measures  and  descriptions  are  given  by  him  in  Appendix 
E.  The  unusually  poor  observing  weather  of  the  past  year  has,  as  in  the  radial 
velocity  work,  reduced  the  number  of  measures  and  also  very  seriously  hindered 
effective  photographic  work  on  Halley's  comet.  The  weather  during  May  and 
June,  when  the  comet  was  brightest,  was  very  poor  as  indicated  in  the  table  given 
above  of  the  number  of  observing  nights  and  spectra  obtained.  In  addition  to  this, 
on  many  of  the  nights  which  were  otherwise  fine,  successful  photography  of  the 
comet  was  prevented  by  moonlight,  and  the  photographic  record  of  this  much 
heralded  visitor  is  disappointingly  small.  It  is,  of  course,  true  that  the  attachment 
of  the  camera  to  the  equatorial  telescope  frequently  hinders  its  use  in  photograph- 
ing, but  that  difficulty  will  likely  soon  be  overcome  by  the  provision  of  a  separate 
mounting  and  building  which  should  enable  a  much  greater  quantity  of  work  of 
improved  quality  to  be  done. 

Since  the  refiguring  of  the  8-inch  doublet  it  has  performed  very  satisfactorily, 
and  the  12-inch  focus  3.5  Zeiss  Tessar  objective  also  gives  good  results.  Its  prin- 
cipal defect  seems  to  lie  in  the  diminution  of  the  illumination  towards  the  edges  of 
the  field,  but  this  is  inevitable  in  a  lens  of  this  type  and  is,  of  course,  only  especially 
noticeable  when  there  is  sky  fog  due  to  moonlight  or  to  photographing,  as  is  some- 
times necessary  in  comet  work,  when  the  sun  is  not  sufficiently  far  below  the  horizon. 

Mechanical  Work. 

The  two  mechanicians,  Messrs.  Mackey  and  Lucas,  have  been  employed  during 
the  past  year  chiefly  in  repair  work  and  in  various  attachments  and  alterations  to 
the  meridian  circle  and  auxiliary  apparatus.  In  addition  some  minor  alterations 
have  been  made  in  the  details  of  the  stellar  spectroscopes;  and  the  new  reflecting 
prism  and  guide  plate  attachments  to  the  solar  spectrograph,  described  above,  have 
been  constructed.  Considerable  work  has  also  been  done  on  adjustable  slides  to 
be  used  in  the  standardizing  building  and  other  miscellaneous  work. 

On  account  of  the  illness  of  Mr.  Mackey  during  the  last  four  or  five  months  of 
the  year,  the  work  got  behind  to  some  extent,  but  it  is  hoped  that  on  his  return  we 
may  be  able  to  catch  up  with  the  arrears,  although  of  course,  it  is  likely,  where 
there  are  so  many  instruments,  many  of  them  complicated  and  delicate,  in  constant 
use  that  more  work  will  be  always  coming  in.  In  addition,  when  we  consider  that 
desirable  improvements  in  existing  instruments  are  bound  to  suggest  themselves 
to  the  intelligent  and  enthusiastic  worker,  it  is  evident  that  the  workshop  will  con- 
tinue to  be  as  indispensable  in  the  future  as  it  has  been  in  the  past,  and  that  there  is 
no  immediate  prospect  of  any  lack  of  work.  We  may  congratulate  ourselves  on 
having  two  such  skilful  mechanicians  to  look  after  this  important  work.  Mr. 
Dunn  also  has  proved  himself  capable  and  satisfactory  in  looking  after  the  carpentry 
work  required. 

General. 

Before  closing  this  report  there  are  one  or  two  other  matters  that  may  with 
advantage  be  briefly  referred  to. 

The  attendance  at  the  Saturday  evening  open-nights  with  the  telescope  has  not 
been  as  great  as  in  former  years,  which  is  probably  partly  due  to  the  fact  that  the 
weather  has  not  been  as  favourable.    During  the  time  when  Halley's  comet  was  at 
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its  brightest,  however,  there  were  record  attendances  of  visitors  who  had  to  he  con- 
vinced by  ocular  demonstration  that  a  good  naked  eye  comet  is  a  much  finer  object 
by  unaided  vision  than  through  any  telescope.  On  every  fine  Saturday  evening  there 
is  always  a  good  attendance,  although  not  the  overcrowding  that  sometimes  occurred 
previously.  Our  other  method  of  stimulating  interest  in  astronomy  by  means  of 
the  meetings  of  the  Royal  Astronomical  Society  has  also  fulfilled  its  purpose,  al- 
though the  attendance  at  some  of  the  evening  meetings  has  not  been  as  large;  as  we 
would  like. 

The  afternoon  meetings  continue  to  prove  very  useful  to  the  members  of  our 
own  staff  in  disseminating  knowledge  of  the  various  branches  of  the  work  and  in- 
creasing interest  and  esprit  de  corps  among  the  officers. 

The  papers  contributed  by  this  division  to  the  Royal  Astronomical  Society 
during  the  period  covered  by  this- report  are: — 

1910. 

Apl.  21,  8  p.m.    Stellar  Evolution  and  Theories  of  World  Build- 
ing  J.  S.  Plaskett. 

May  3,  3  p.m.     Diffraction  Grating  of  the  Solar  Spectroscope    R.  E.  DeLury. 

Nov.  10,  3  p.m.    Irregularities  in  the  Velocity  Curves  of  some 

Stars  with  suggested  explanations   W.  E.  Harper. 

1911. 

Jan.  12,  3  p.m.    Notes  from  two  Recent  Astronomical  Gather- 
ings  J.  S.  Plaskett. 

Feb.  23,  8  p.m.    Some   Recent   Interesting   Developments  in 

Astronomy   J.  S.  Plaskett. 

At  the  Harvard  meeting  of  the  Astronomical  and  Astrophysical  Society  of 
America,  the  following  paper  was  read: — 

Probable  Errors  of  Radial  Velocity  Determin- 
ations  J.  S.  Plaskett. 

At  the  meeting  of  the  Royal  Society,  September,  1910,  the  following  paper  was 

read: — 

Probable  Errors  of   Radial  Velocity  Deter- 
minations  J.  S.  Plaskett. 

A  list  of  papers  written  by  members  of  this  division  and  appearing  in  scientific 
publications  during  the  year  is  given  here. 

1.  The  Orbit  of  r,  Bobtis.    Jourl.  R.  A.  S.  C.;  IV,  191,  by  W.  E.  Harper. 

2.  The  Orbit  of  <p  Persei.    Jourl.  R.  A.  S.  C.,  IV,  195,  by  J.  B.  Cannon. 

3.  Hallev's  Comet.    Notes  and  Photographs.    Jourl.  R  A.  S.  C,  IV,  224,  by 

R.  M.  Motherwell. 

4.  Slit  Width  and  Errors  of  Measurement  in  Radial  Velocitv  Determinations. 

Jourl.  R.  A.  S.  C,  IV,  345,  by  J.  S.  Plaskett. 

5.  The  Astronomical  and  Astrophvsical  Societv  of  America.    Jourl.  R.  A.  S.  C, 

IV,  373,  by  J.  S.  Plaskett. 

6.  Double  Star  Measures.    Jourl.  R.  A.  S.  C,  IV,  447,  by  R.  M.  Motherwell. 

7.  Probable  Errors  of  Radial  Velocitv  Determinations,  Astrophvsical  Jourl., 

XXXII,  230,  by  J.  S.  Plaskett. 
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8.  The  Collimation  of  the  Correcting  Lens.    Astro-physical  Jourl.,  XXXII, 

243,  by  J.  S.  Plaskett. 

9.  The  Spectroscopic  Binary  £  Ursae  Minoris.     Jourl.  R.  A.  S.  C,  IV,  462.  by 

J.  S.  Plaskett. 

10.  Probable  Errors  of  Radial  Velocity  Determinations.    Trans.  R.  S.  C,  1910, 

by  J.  S.  Plaskett. 

11.  The  Elements  of  93  Leonis.    Jourl.  R.  A.  S.  C,  IV,  452,  by  J.  B.  Cannon. 

12.  The  Orbit  of  v  Orionis.    Jourl.  R.  A.  S.  C,  V,  16,  by  W.  E.  Harper. 

13.  Changes  in  Focus  produced  by  Plane  Gratings.    Jourl.  R.  A.  S.  C,  V,  26, 

by  R.  E.  DeLury. 

14.  A  Device  for  Guiding  the  Image  from  a  Coelostat  Telescope.    Jourl.  R.  A. 

S.  C,  V,  33,  by  R.  E.  DeLury. 

15.  The  Spectroscopic  Binary  7  Camelopardalis.     Jourl.   R.  A.  S.  C,  V,  112, 

by  W.  E.  Harper. 

It  will  be  noticed  in  the  above  list  that  No.  7  and  10  by  myself  have  the  same 
title,  but  the  papers  are  not  the  same,  the  first  one  being  more  condensed  and  more 
in  the  nature  of  a  summary  of  the  work  and  results,  while  the  second  contains  the 
full  tabular  material  necessary  in  a  complete  treatment. 

It  is  not  right  to  close  this  report  without  expressing  my  gratitude  for  your 
unfailing  interest  in  and  encouragement  of  my  work  and  for  your  readiness  to  meet 
any  needs  in  the  way  of  apparatus  and  material  required  or  deemed  useful  in  in- 
creasing its  efficiency. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  servant, 

J.  S.  Plaskett. 


• 
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APPENDIX  A. 

THE  ORBIT  OF  .•  ORIONIS.    THE  SPECTROSCOPIC  BINARY 
7  CAMELOPARDALIS.   MEASURES  OF  o  ANDROMEDAE  AND 
£  CASSIOPEIAE.    MISCELLANEOUS  MEASURES. 

W.  E.  Harfer,  M.A. 
The  Orbit  of  v  Orioxis. 

The  spectroscopic  binary  >■  Orionis  (a  =  6''  02"',  5=4-14°  47',  photographic  mag- 
nitude about  4.2)  was  discovered*  by  Frost  and  Adams  in  1903.  The  range 
in  velocity  of  their  three  plates  is  approximately  70  km.,  which  is  in  fact  about  the 
total  range  for  the  star.  Their  first  observation  was  made  at  a  fortunate  time,  it 
falling  on  the  crest  of  the  velocity  curve  which  rises  rapidly  to  a  high  positive  value 
and  falls  again  as  rapidly.  On  this  account  this  observation  has  been  of  material 
assistance  in  getting  a  more  accurate  value  of  the  period  than  could  be  obtained 
from  our  own  observations. 

Work  was  commenced  on  the  star  here  Nov.  11,  1907,  and  from  that  time  to 
Dec.  30,  1910,  one  hundred  and  nineteen  plates  were  secured.  The  first  season's 
work  gave  the  general  form  of  the  curve  and  during  the  three  succeeding  seasons 
efforts  were  made  to  obtain  a  full  series  of  observations  around  periastron,  where  the 
curve,  as  previously  mentioned,  changes  so  rapidly.  In  this  we  have  been  only 
partially  successful,  as  cloudy  weather  at  each  return  to  periastron  prevented  our 
obtaining  all  the  observations  desired.  Nevertheless  quite  a  number  of  reliable 
plates  have  been  secured  for  this  part  of  the  curve,  and  the  determination  of  the  orbit 
has  accordingly  been  proceeded  with. 

The  spectrum  is  of  type  B2  and  has  numerous  lines  suitable  for  measurement. 
The  hydrogen  lines  Hp,  Hy,  f/j  and  He  appear  in  the  range  of  spectrum  measured 
but  the  latter  was  scarcely  ever  measured,  owing  to  the  close  proximity  of  the  H 
line  of  calcium  and  consequent  overlapping.  The  helium  series  AA  4713,  4471, 
4388.  4143,  4121,  4026  and  4009  are  all  measurable  and  these,  excepting  the  first 
and  last,  were  among  the  most  frequently  used.  The  magnesium  A  4481  and  the 
calcium  A"  a  3933  are  not  so  intense  as  either  the  helium  or  hydrogen  series  and  do 
not  appear  in  many  of  the  spectra. 

In  view  of  the  fact  that  a  number  of  binaries  have  recently  been  discovered  in 
which  the  calcium  lines  H  and  K  give  different  velocities  to  the  other  lines,  it  may 
be  noted  here,  that  this  is  not  the  case  with  v  Orionis;  the  velocities  of  the  A'  line 
agree  with  those  of  the  other  lines.  Another  good  line  is  the  carbon  A  4267. 
These  were  the  lines  most  frequently  measured  but  additional  lines  in  a  number  of 
cases  have  been  seen,  and  where  these  have  been  measured  the  resulting  velocities 
were  always  in  agreement  with  the  lines  most  commonly  used.  Among  these 
additional  lines  may  be  mentioned:  AA  4572,  4563,  4549,  4528,  4452,  4383, 
4325,  4308,  4233,  4131  and  4128.  There  are  also  indications  of  the  second  series 
of  hydrogen. 
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On  the  first  one  hundred  plates  all  the  lines  that  were  at  all  measurable  were 
used.  When  the  results  were  plotted  with  the  provisional  period  of  131  '4  days 
there  were  many  little  irregularities  in  the  curve;  its  appearance  was  that  of  a  wavy 
line.  As  no  indications  of  a  second  spectrum  had  been  detected,  even  though  a 
fine-grained  plate  had  been  used  at  the  time  of  maximum  positive  velocity,  it  was 
difficult  to  account  for  this.  It  was  thought  that  a  possible  cause  might  exist  in 
the  selection  of  lines  varying  from  one  plate  to  another.  To  decide  this  point  and 
incidentally  see  if  the  wave-lengths  used  needed  any  arbitrary  correction,  a  table  was 
constructed  of  the  residuals  for  each  line  from  the  mean  of  the  plate.  The  result 
is  contained  in  the  accompanying  table.  Besides  the  twelve  lines  here  listed  there 
were  various  others  which  did  not  occur  frequently  enough  to  make  mention  of. 
The  lines  are  arranged  in  order  of  frequency  of  measurement,  the  total  number  of 
plates  being  100. 


LINES  MEASURED  IN  "  ORIONIS. 


X 

Number  of  Times 
Measured. 

Average  Residual. 

Corresponding  Correc- 
tion to  Wave-length. 

4340.634 

97 

-1.39  km. 

+  .020  t.m. 

KiSS.  100 

94 

-0.43  " 

+  .007  " 

4471.676 

94 

+1.51  " 

-.022  " 

4143.928 

86 

-0.03  " 

.000  " 

4026.352 

75 

+  1-67  " 

-  022  " 

4267-301 

68 

-2-45  " 

+  •035  " 

4121  016 

63 

-0-11  " 

+  •002  " 

4481-400 

62 

+1-95  " 

-  029  « 

4101 -S90 

56 

+0-99  " 

-014  " 

4713 -30S 

20 

-1-4S  " 

4861-527 

19 

+3-70  " 

3933-825 

13 

+1-40  " 

No  corrections  to  wave-length  are  given  for  the  last  three  as  the  observations 
were  deemed  too  few  in  number  and,  furthermore,  the  ends  of  the  spectrum  may  not 
always  have  been  in  focus  thereby  causing  these  residuals  to  be  abnormal.  The 
residuals  in  the  above  table  are,  in  general,  small  relative  to  the  probable  error  of 
a  plate  and  while  somewhat  better  accordance  among  the  different  lines  on  a  plate 
would  be  secured  by  adopting  an  arbitrary  set  of  wave-lengths  based  on  the  correc- 
tions, yet  none  of  the  residuals  are  so  abnormal  as  to  warrant  such  a  procedure  and 
accordingly  the  normal  values  have  been  retained.  In  subsequent  measuring 
the  first  nine  lines  of  the  table  were  the  only  ones  used,  and  the  other  hundred  plates 
were  recomputed  using  these  lines  alone  so  that  the  results  ought,  at  least  from  a 
consideration  of  wave-length,  to  be  consistent. 

Plates  from  1 140  to  2257  were  made  with  the  single-prism  spectrograph  I  L 
as  first  constructed,  the  dispersion  at  Hy  being  30.2  tenth-metres  per  millimetre. 
The  balance  were  made  with  the  new  single-prism  instrument,  designated  I,  whose 
dispersion  is  33.4  tenth-metres  per  millimetre  at  the  same  region.  Plates  3369, 
3847,  3865  and  3890  were  made  on  Seed  23  plates,  the  remainder  on  Seed  27  emul- 
sion. The  four  Seed  23  plates  were  made  at  times  of  high  positive  velocity  to  see 
if  any  trace  of  the  second  spectrum  could  be  detected.  No  indications  of  such  were 
seen. 

Two  plates  have  been  omitted  in  the  discussion,  one,  2098,  which  gives  a  res- 
idual of  25  km.  where  the  curve  is  well  defined  in  the  flat  part.    This  is  probably 
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owing  to  some  instrumental  error.  The  other  ease  is  that  of  plate  131")  which  was 
taken  immediately  following  plate  1314  under  almost  identical  conditions  and  yet 
gives  a  decidedly  greater  positive  velocity.  The  plate  is  somewhat  underexposed, 
but  there  would  seem  to  he  some  additional  cause  for  the  great  difference  in  velocity, 
and  as  these  observations  occur  around  periastron  this  was  one  reason  why  a  con- 
tinuous series  of  plates  at  this  phase  was  wished  for.  The  intention  is  to  make  a 
few  more  plates  next  season  at  this  critical  place  in  the  curve. 

The  observational  data  of  the  various  plates  is  contained  in  the  table  following, 
the  columns  being  self-explanatory.  Then  follows  the  measures  of  the  plates  in 
detail.  The  numbers  of  the  plates  are  given  in  the  top  row  and  where  these  are 
followed  by  a  capital,  as  is  the  case  in  some  half-dozen  instances,  it  means  that  that 
particular  plate  has  been  remeasured  by  another  person.    The  abbreviations  are: — 

W  =C.  R.  Westland. 
Pl  =T.  H.  Parker. 
C  =J.  B.  Cannon. 
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DETAILED  MEASURES  OF  "  ORIOXIS. 


\ 

1140W. 

1140. 

1140. 

1160W. 

1160 

1160. 

1184W. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt, 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-  71 
-351 
-25-5 

-  9-5 
-30-9 

i 

2 

1 
1 

li 

1 
3 

-24-4 
00 

-  7-2 
+  100 
+141 
+20-2 
+  30 

-  7-2 

-  9-8 

1 

i 

1 

14 
l 

3 
4 

1 
3 

1 

3 
4 

1 

+  0-8 

4471  

-32-9 
26-6 
10-7 

i 
a 

1 
1 

-39- 1 
-22-7 
-16-8 

1 
1 

2" 

2 

-  1-9 
+  1-2 
+  0-6 

H 

1 

1 

-20-7 

1 

43S8  

-13-8 
+  0-8 

.... 

3 
1 
3 

4340  

+130 

1 
3 

4143  

-  2-7 

-  4-0 

-  8-1 

-  9-8 

i 

l 
2 
I 
4 
1 
4 

4121  

-  7-3 
+  50 
-27-1 

1 
2 

1 

1 

1 

+  11 
+  4-4 

1 

4101  

4026  

-130 

i 

2" 

-  50 
+11-6 

i 
i 

1 

+  2-6 

+  2-7 

1 

a 

i 

Weighted 
Mean  

v„ 

Curv. 

-20  08 
+  19-43 

-  19 

-  -28 

-1500 
+19-43 

-  -19 

-  -28 

-  8-95 
+  19-43 

-  19 

-  -28 

+  1-61 
+14-45 
+  -02 
-  -28 

-  0-56 
+14-45 
+  -02 

-  -28 

-  4-95 
+  14-45 
+  -02 

-  -28 

-  3-40 
+  9-17 

-  -26 

-  -28 

Radial  Vel . . . 

-  1-1 

+  4-0 

+  100 

+  15-8 

+  13-6 

+  9-2 

+  5-2 

detailed  measures  of  p  ORioxis — (Continued). 


\ 

11S4. 

1185W. 

1185. 

1197. 

1198. 

1217. 

1223. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-19-8 
+  1-3 

-  91 

-  2-7 
+12-9 

-  1-6 

-  1-5 

i 
I 

l . 

2 
2 

4 

S 

¥ 

1 

4 

1 
2 

1 

4471  

4388  

4340  

4267  

-331 
-19-7 
+  9-9 

1 
1 

li 

+  8-2 
-20-5 
-  9-5 

'i 
1 

+  5-4 
+17-9 
+  13-7 

1 

i 

2 

2 

+  4-3 
-  0-8 
+  8-0 

1 

i 

2 

2 

+32-7 
22-5 
32-3 

u 

2 

+36-3 
44-8 
38-2 

3 
1 

11 

+21-0 

1 

+45-7 

1 

20-4 
35-8 
22-3 
+14-8 

i 

2 

U 

1* 

20-5 

1 

3 

4121  

4101  

+  9-5 
+  1-3 

1 
1 

-12-5 
-  2-7 

1 
3 

1 

+39-6 
+11-2 

2 
1 
2 

+  9-3 
+37-4 

1 

li 

24-2 
+37-6 

1 

4026  

-  5-3 

H 

Weighted 

Mean  

V. 

v„ 

Curv. 

-  4-94 
+  9-17 

-  -26 

-  -28 

-  512 
+  9-17 

-  -29 

-  -28 

-  4-34 
+  9-17 

-  -29 

-  -28 

+  1603 

-  312 

-  -06 

-  -28 

+  1S-72 

-  3-12 

-  12 

-  -28 

+24-64 

-  612 

-  -12 

-  -28 

+35-51 
-11-25 

-  -2ft 

-  -28: 

Radial  Vel... 

+  3-7 

+  3-5 

+  4-3 

+  12-6 

+15-2 

+18-1 

+23-8 

25a— 11 
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A 

1224. 

1229. 

1235. 

1250. 

1251. 

1261. 

1273. 

VeL 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+32-8 
34-4 
32-6 
32-9 

i 

2 
1 
1 

+52-7 

1 

+39-5 
61-8 
63-7 
38-3 

i 

3 
li 

u> 

+68-4 
73-6 
61-6 
44-8 
55 -S 

t 

2 

li 

2 
1 

4471  

4388  

4340  

+43-5 
47-3 
32-4 

U 

i 

+47-2 
32-4 
57-8 

X 

2 

1 

1 
3 

62-3  25 
491  1 
51-9  2 

+60-8 
45-5 
57-2 
45-0 
49-7 
26-8 
61-9 

+64-6 

1 
\ 

i 

l 

i 
i 

i 
i 

4143  

48-1 
+39-2 

i 

2 

i 

27-2 

. 

54-8 
48-2 

i 

1 

53  o!  i 
431  15 
26-8  i 
+64-6  } 

61-2  1J 
53-0  U 

4121  

52-3  5 
39-5  J 
+49 -81  1 

4101  

47-9 
+41-8 

i 

1 

4026  

|+45-3 

i 

+19-9 

1 

Weighted 
Mean  

v„ 

Curv. 

+42-45 
-11-25 

-  -28 

-  -28 

+40-38 
-11-75 

-  -28 

-  -28 

+35  16 
-12-56 
+  -19 
-  -28 

+52-51 
-14-50 

-  15 

-  -28 

+51-43 
-14-50 

-  -18 

-  -28 

+53-40 
-15-43 

-  -26 

-  -28 

+57-94 
-16-30 
+  06 
-  -28 

Radial  " 
Velocity . . . 

+30-6 

+28-1 

+22-5 

+37-6 

+36-5 

+37-4 

+41-4 

detailed  MEASURES  of  f  orionis — (Continued). 


1282. 

1282. 

1302. 

1303. 

1314. 

1314. 

1315. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt 

Vel. 

Wt. 

Vel. 

Wt 

4481  

+80-6 
720 

82-  1 
59-6 
65-5 
78-7 

83-  2 
+75-9 

2 

li 

I 

l 

| 

+67  1 
69-5 
670 
72-2 

1 

li 

1 

H 

+75-6 
69-5 
75-4 
86-9 
85-7 

15 
H 
li 
li 
l 

4471  

4388  

4340  

4267  



+66-0 
78- 1 
60-9 
791 
560 
73-9 

+60-2 

1 
2 
3 
* 
1 
« 
1 
2 

i 

1 
2 

i 

+S5-8 
90-7 
111-7 
710 
74-5 

2 

i 

2 

1 

1 

2 

i 

+83-7 
98-5 
119-5 
81-3 
79-6 

li 
i 

i 

l 

i 
i 

+  170-5 
167-4 
166-7 

1  - 
l 

4 

li 

4143  

65-5 
640 
83-4 
+62-2 

li 
l 

H 
l 

69-6  1 
101-0  | 

82-7!  1 
+82  -2|  i 

4121  

4101  

4026  

84-5 
+117-2 

i 
i 

87-4 
118-3 

i 

+  153-0 

i 

Weighted 
Mean  

v„ 

V,, 
Curv. 

+71-95 
-17-51 
+  -09 
-  -28 

+68-77 
-17-51 
+  -09 
-  -28 

+69-62 
-18-30 

-  -09 

-  -28 

+79-07 
-18-30 

-  12 

-  -28 

+91-32 
-20-30 

-  04 

-  -28 

+96-69 
-20-30 

-  04 

-  -28 

+  165-83 

-  20  30 

-  -12 

-  -28 

Radial 
Velocity. . . 

+54-2 

+51-1 

+51  0 

+60-4 

+70-7 

+76-1 

+  145  0 
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detailed  measures  of  "  orionis — (Continued). 


X 

1315. 

1315. 

1315. 

1320. 

1325. 

1325P1 

1326. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+86-3 
69-1 
85-9 
74-4 

.,  77-1 
72-2 
74-2 
50-6 

+81-7 

i 

2 

2 
2 
2 

i 

2 

1 
1 

1 
2 

2 

+73-7 
45-7 
62-7 
53-2 
45-9 
44-4 
59-7 
48-9 

+64-1 

i 

2 

U 

2 
2 

i 

2 

1 
1 
1 
1 

+501 
71-5 
73-5 
77-1 

1 

1  - 

1 

1 

4471  

+179-2 
130-8 

1 

1 
2 

+184-4 
1800 
128-7 

i 
i 

\ 

3 

2 

+  1S0-S 
114-4 
107-1 

i 

4 
1 
4 

i 

438S  

4340  

4267  

+31-9 
42-8 

li 

li 

40-8 
47-3 
44-8 
+68-8 

1 
1 
1 
1 

321 
34-4 
43-9 
+53-6 

1 
l 

U 

4121  

4101  

4026  

154-1 
+136-3 

1 
4 

4 

162-4 
+  130-2 

i 

I 
i 
I 

+i37-6 

1 
a 

Weighted 

Mean  

V. 
Vj 

Curv. 

+158-61 

-  20-30 

-  -12 

-  -28 

+152-94 

-  20-30 

-  -12 

-  -28 

+  130-78 

-  20-30 

-  -12 

-  -28 

+76-14 
-22- 16 

-  -22 

-  -28 

+50-75 
-24-95 

-  -17 

-  -28 

+59-24 
-24-95 

-  -17 

-  -28 

+40-39 
-24-95 

-  19 

-  -28 

Radial 
Velocity.  . . 

+  138-0 

+  132-0 

+  110-0 

+53-5 

+25-3 

+33-8 

+150 

detailed  measures  of  >•  orionis — (Continued). 


X 

1326. 

1335. 

1335P1 

1337. 

1348. 

1352. 

1377. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+52-0 
631 
41-9 
26-8 
55-9 

1 
2 
1 

li 

1 

1 

2 

li 

l« 

+52-7 
64-9 
47-6 
271 
60-3 
461 

1 
1 
1 
1 
1 
1 

+52-5 
59  0 
59-9 
52-9 
74-9 
49-7 

1 

li 

li 

li 

l 

l 

+30-5 

64-  3 

65-  7 
70-2 
58-0 
76- 1 
44-9 
55-8 

+32-3 

li 

1 

1 

2 

i 

2 

1 
1 

1 

1 

+62-6 

60-  2 
44-2 

61-  2 
47-4 
40-8 
59-7 
56-7 

+39-1 

1 

H 
li 

2 

i 

A 

a 

l 

2 

H 
l 

4471  

4388  

4340  

4267  

+55-3 

1 

+41-6 
43-3 
30-9 

1 
I 

i 

2 

4143  

4121  

33-2 
26-6 
+41-1 

U 

3 

48-6 
65-7 

64-2 
42-7 
64-5 
+50-5 

1 

i 

l 
l 

4101  

4026  

4 

1 

49-5 
+37-8 

49-7 
+37-5 

1 
1 

48-9 
+62-3 

li 
li 

Weighted 
Mean  

v„ 
v„ 

Curv. 

+39-65 
-24-95 

-  19 

-  -28 

+48-88 
-25-74 

-  04 

-  -28 

+48-24 
-25-74 

-  -04 

-  -28 

+57-30 
-26  01 

-  -25 

-  -28 

+55-40 
-26-28 

-  -29 

-  -28 

+53-90 
-26-82 

-  -15 

-  -28 

+50-17 
-28-34 

-  15 

-  -28 

Radial 
Velocity . . . 

+  14-2 

+22-8 

+22-2 

+30-8 

+28-5 

+26-7 

+21-4 
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detailed  measures  of  v  ORio.vis— (Continued) . 


1385. 

1396. 

1485. 

1497. 

1503. 

HU6P1 

1916. 

Vel. 

wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+36-1 
420 
44-3 
54-6 
42-7 
34-5 
2S-0 
29  0 

+47 -S 

U 
H 
2 

n 

> 

+47-8 
41  0 
50 -S 
32-4 
57-4 
250 
460 
480 

+44-8 

1 

3 
2 
2 
2 
1 

U 

u 

2 

+22-6 
32-5 
42-4 
35-6 
49-4 
341 

i» 

li 
1 
H 

-15-3 
+  14-6 
+  91 
-  1-2 

1 
1 

1 

-17-4 

-  81 

-  6-9 

-  6-7 

i 

l 

J 

i 

4471  

+26-9 

1* 

4388  

+52-9 
34-4 
+37-5 

i 

4 

i 

a 

i 

4340  

4267  

+23-7 

H 

4143  

+  8-6 
+  1-2 

i 
J 

4121  

4101  

36-5 
+33-7 

2 
H 

-28-4 
-23-5 

i 

J 

4026  

-19-7 

l 

Weighted 

Mean  

V. 

v, 

Curv. 

+41-70 
-2S-95 

-  -29 

-  -28 

+4411 
-29-43 

-  -11 

-  -28 

+44-20 
-26-72 

-  -28 

-  -28 

+36  02 
-26-23 

-  -25 

-  -28 

+25-30 
-25  03 

-  -28 

-  -28 

-  5-67 
+28-95 
+  -09 

-  -28 

-10-24 
+28-95 
+  -09 
-  -28 

Radial 
Velocity. . . 

+  12-2 

+14-3 

+16-9 

+10-3 

-003 

+23  0 

+  180 

detailed  measures  of  v  orioxis — (Continued). 


X 

1943. 

2009P1 

2009. 

2010. 

2019. 

2020- 

202.5. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-260 

-  9-4 

-  6-5 
+15-9 
+  0-4 
+  17-3 

1 
1 

1 

2 

1 

1 

5 

1 

-  3-2 

-  6-8 

l 

3 

i 

-23-5 

-  0-2 

-  6-9 
+  31 
-12-6 
-19-7 

1 
9 

U 
l 

H 

2 

1 

4471  

+  4-6 
-110 
-  2-6 
+  3-4 
±  00 

1 
1 
1 
1 
1 

+  1-2 
+  0-2 
-15-7 

1 
1 

1 

-  20 

1 

4388  

+50-2 
45-2 

a 

4 

i 

4 

4340  

33-8 

i 

4267  

10-7  I 

4143  

-  0-5 

i 

-  0-4 

i 

4121  

+24-7 

1 

+  171  h 
+  8-0  I 
-  6-7  1 

4101  

+24-8 
-  3-3 

1 

l 

-24-8 
-16-3 

1* 

4026  



Weighted 
Mean  

+36-81 
+26-31 
+  -03 
-  -28 

+  0-60 
+  7-31 

-  -19 

-  -28 

+003 
+7-32 

-  -19 

-  -28 

-  5-00 
+  7-32 

-  -22 

-  -28 

-  2-25      -  5-51 

-9-78 
+5-89 
+  -14 
-  -28 

v„ 

Vj 
Curv. 

+  6-36 

-  -22 

-  -28 

+  6-36 

-  -26 

-  -28 

Radial 
Velocity. . . 

+63-0 

+  7-4 

+6-9 

+  2-0 

+  3-6 

+  0-3 

-40 
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detailed  measures  of  r  orionis — (Continued). 


\ 

2025. 

2034. 

2034C. 

2035. 

2035. 

2061. 

206!. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-  1-6 
+  9-5 
+  5-7 
+  19-7 
+  6-S 

-  0-4 
+12-9 

I 

i! 

3 
4 

1 

1 
2 
1 
2 

1 

-3-9 

-  8-7 

-  4-2 
+  19-3 
+  19-6 
-160 
+  8-4 

1 

l2 

2 

1 

1 

f 
8 
1 
4 

-15-7 
-15-3 
±  00 
-  1-4 

i 

1 

a 

i 

i 

—  17-9 

1 

-  8-3 

-  8-8 
+20-4 

1 

3 
4 

1 

4471  

43SS  

4340  

-16-S 
+  2-1 
±  00 
-  0-8 
-14-7 

1 
1 

I 

1 
2 

5 

-24-3 

-  0-8 

-  9-3 

1 
3 

3 
-4 

3 
1 
1 

2 

2 

-  4-0  1 
+  15-4  1 

-  0-8  \ 
+  15-4  \ 
-19-6  1 

4267  

-  9-0 

+11-5 
-  8-8 
+  9-8 

1 
2 

1 

3 

* 

4121  

+  8-8 

i 

2 

+  3-7 

+  2-5 

4101 

+21-6  i 
+  141  1 

4026  

-18-2 

l 

a 

+  7-S 

1 

+  9-9 

1 

+  10-2 

1 

Weighted 

Ourv. 

-8-14 
+5S9 
+  -14 
-  -28 

+9-43 
+2-71 

-  -18 

-  -28 

+4-22 
+2-71 

-  18 

-  -28 

-416 
+2-71 

—  -22 

-  -28 

-6  02 
+2-71 

-  -22 

-  -28 

+0-94 
+  -09 

-  -23 

-  -28 

+4-39 
+  09 

-  -23 

-  -28 

Radial 
Velocity. . . 

-2-4 

+11-3 

+6-5 

-1-9 

-3-8 

+0-5 

+40 

detailed  measures  of  »  orionis — (Continued). 

2133. 

2147. 

2230. 

2257. 

2339. 

2380. 

2410. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+  190 
25-4 
23-6 
241 

1 

H 
2 

u 

+27-7 
19-5 
21-3 
18-6 
34-9 
43-8 
31  0 
31-7 

+45-9 

1 

a 

H 
l 

n 
i 
i 
i 

i 

2 

1 

■4-54-7 

i 

+81-4 
74-4 
91-2 
84-3 
79-3 

so-s 

+6S-4 

i 

l2 

2 

1 

2 

n 
l 

+75-1 
69-2 
61-4 
72- 1 
75- 1 
600 

1 
4 

1* 
1 

3 
4 
1 
2 
1 
2 

+38-5 
400 
53-3 
76-2 

+77-7 

1 

1 
2 
1 
2 
1 
2 

U 

4471  

4388  

4340  

4267  

+171 
+  7-7 
+35  0 

1 

i 

2 
1 
2 

3-5-8  2 
38-5  1| 
55-2  | 
55-41  i 
57-21  i 

22-3 
19-4 
26-4 
+  17-1 

i 

i 

i2 

4121  

4101  

+36-3 

i 

3 

4026  



+47-5 

1 

2 

Weighted 

v„ 
v„ 

Curv. 

+22-36 
-11-60 

-  -23 

-  -28 

+19-25 
-12-54 

-  -25 

-  -28 

+32-97 
-20-64 

-  -20 

-  -28 

+43-12 
-21-89 

-  -25 

-  -28 

+81-11 
-28-81 

-  -30 

-  -28 

+65-87 
-29-38 

-  -31 

—  -28 

+59-94 
-29-3S 

-  -31 

—  -28 

Radial 

Velocity.  . . 

1  +10-3 

+  6-2 

+  11-S 

+20-7 

+51-7 

+35-9 

+30  0 
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detailed  measures  of  »  ORiONis — (Continued). 


2428. 

2446. 

2524. 

2781. 

2808. 

2809. 

2831. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+53-9 
67-1 
55-8 
41-3 
67-9 
45-8 
70-6 

1 

14 

U 

2 

i 

3 
4 

+37-4 
32-3 

60-  7 
50-4 
66-7 
52-4 

61-  6 
68-3 

+38-0 

1 

i 

i 

U 

2 
1 

14 
i 

14 

-  9-8 
13-3 
7-3 
6-9 

i 
U 
U 

4 

-23-6 
16-2 
20-4 
340 

| 

H 
l 

i 

-22-9 
190 
23-5 
21-3 
11-8 
44-5 
14-2 

1 

U 
l 

14 
i 
4 
4 

4471  

4388  

4340  

4267  

+33-1 
54-7 
39-3 
31-8 
35-9 

2 

n 

2 

? 

-  3-9 
22-1 
22-7 
311 
61 
301 
10-9 

-21-6 

u 

1  1 
A3 
i 
5 
2 
4 
I 
4 

1 

4143  

4121  

5-6 
26-2 
-26-6 

U 
l 

U 

20-3 
-14-9 

4 
1 

4101  

20-5 
+26-8 

4 

1 

4026  

+64-2 

1 

-35-3 

4 

Weighted 

V. 
V, 

Curv. 

+61-01 
-29-49 

-  -30 

-  -28 

+53-83 
-29  05 

-  -29 

-  -28 

+36-55 
-23-40 

-  -30 

-  -28 

-14-22 
+28-28 
+  -17 
-  -28 

-20-25 
+29-39 
+  -15 
-  -28 

-22  04 
+29-39 
+  -10 
-  -28 

-20-23 
+29-22 
+  -11 
-  -28 

Radial 
Velocity. . . 

+30-9 

+24-2 

+  12-6 

+  140 

+  7-1 

+  8-8 

detailed  measures  of  v  orionis — (Continued). 


2832. 

2844. 

2876. 

2877. 

2898. 

2907. 

2908. 

X 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-31-8 

3 

-2S-4 

1 

-  8-4 

1 

-34-3 

4 

-  6-4 

1 

4471  

-  4-6 

1 

281 

4 

1 

-31-6 

14 

50-6 

1 

3-9 

14 

-401 

1 
5 

61 

1 

43S8  

26-4 

1 

26-9 

1 

22-6 

1 

24-1 

1 

0-2 

i 
i 

-23-1 

1-2 

14 

4340  

21-2 

1 

24-2 

u 

9-2 

1 

22-3 

1 

7-3 

1 

-270 

n 

6-9 

2 

4267  

10-9 

H 

14-S 

1 

23-2 

1 

+  M 

i 

0-4 

1 

4143  

1-8 

4 

11-4 

l 

21-7 

00 

1 

-100 

i 

7-1 

1 

4121  

23-5 

2 
1 

3S0 

i 

28-7 

1 

20-3 

2 

1 

+  3-5 

i 

4101  

21-6 

2 

4 

-330 

2 
1 

-  1-7 

i 

3-6 

1 

4026  

-260 

4 

U 

2 

-30-4 

1 

-360 

4 

-16-3 

1 

-20-7 

2 

1 

-130 

1 

Weighted 

Mean  

-1S-92 

-23  08 

-24-27 

-28-23 

-  6-32 

-16-39 

-  5  -49 

V. 

+29-22 

+28-74 

+28-35 

+2S-35 

+26-35 

+26-17 

+26  17 

vd 

+ 

■04 

+ 

•19 

+ 

•12 

+ 

•07 

•12 

+ 

02 

+ 

•04 

Curv. 

•28 

•28 

•28 

•28 

•28 

■28 

•28 

Radial 

Velocity . . . 

+  10-1 

+  5-6 

+  3-9 

+  01 

+  19-6 

+  9-5 

+20-4 
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X 

2927. 

292S. 

2939. 

2942. 

2948. 

2949. 

2957. 

Vel. 

Wt. 

Vel.  Wt. 

Vel.  j'Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+  0-4  U 
-  10  1 
+  2-4  1 

+  2-3  H 

+32-9  ' 
14-8  1J 
14-0  1 

18-  9  1 

19-  1  1 
19-9  1 
10-4  I 
29-8  i 

+28-0|  i 

+39-1 
11-7 
15-7 
46-6 

i 

4 

1 
2 
1 

i 
l 

4 

+23-7 

43-  8 
12-6 

44-  4 
30- 1 
25-8 
30- 1 
22-1 

+33-3 

U 

U 
i| 

\\ 
li 

l 

i| 

l 

H. 

+26-5 
49-7 
36-4 
660 
42-8 
600 
52-9 
46-3 

+25-4 

4 

1 
1 
1 

3 

X 

1 

1 

3 
3 
4 
1 
4 

4471  

4388  

4340  

4267  

-100 

-  4-1 

-  9-0 
-23-8 
-11-4 
+  4-9 
-12-2 
+  3-6 

I'- 
ll 

u 
i 

u 

i 

i 

u 

+27-0 
54-3 
47-2 
41-4 
37  0 
22-4 
24-9 

+22-5 

u 
11 

U 
l 
l 
l 

2 

u 

4143  

4121  

-  50  1 
-14-9  H 

—  4-5  1 
+  2-8  1 

+37-7 

1 

I 

4101 

4026  

Weighted 

Mean  

V. 
Vd 

Curv. 

-  7-50 
+23-78 

-  02 

-  -28 

-  2-48 
+23-78 

-  -09 

-  -28 

+18-57 
+20-38 

-  -22 

-  -28 

+27  00 
+20  04 

-  11 

-  -28 

+35-76 
+18-91 
+  -10 
-  -28 

+30-32 
+18-91 
+  -02 
-  -28 

+47-37 
+  17-71 

-  -02 

-  -28 

Radial 

Velocity . 

+  16-0 

+20-9 

+38-4 

+47-0 

+54-5 

+49  0 

+64-8 

detailed  measures  of  f  ORioxis—  (Continued). 


X 

•7. 
-JS6. 

3404 

2970. 

2977. 

2978. 

2986. 

2998. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+33-5 
31-2 
35- 1 
49-7 

49-  4 

50-  3 

i 

5 

u 

a 

4 

u 
i 

3 
4 

+50-7 
48-9 
631 
S0-4 
55-2 
68-4 
41-6 

U 
H 
l 
l 

H 

l 

l 

+60-3 
45-5 
66-3 
68-4 
60-8 
54-7 

+57-4 

a 

4 

U 
l 

H 
l 

U 
l 

+39-5 

I 

+38-2 
46-6 
32-4 
481 

3 

X 

1 
1 

i| 

+7-9 
3-7 
14-2 
26-7 

1 

i 

4 

1 

i 

4471  

+52-4 
37  0 
20-2 

+35-1 

i 

'  3 
4 
1 
4 
1 
2 

4388  

54-7 
46-9 
60-9 
46-3 
43-8 
53-2 
+41  0 

1 

5 

u 

I 
a 

1 
1 
1 
1 

4340  

4267  

23-1  U 
16-6  11 
10-2  i 

4143  

51-4 
41-8 
36-5 
+48-2 

i 
l 

4121  

4101  

26-7 
+70- 1 

1 

a 

• 

4026  

+67-0 

U 

+18-1 

U 

Weighted 
Mean  

v„ 

V,, 
Curv. 

+42-92 
+  17-71 

-  09 

-  -28 

+59  10 
+  14-23 
+  02 
-  -28 

+58-62 
+  14-23 

-  06 

-  -28 

+47-48 
+  12-82 
+  -17 
-  -28 

+43-21 
+  12-82 
+  -10 
-  -28 

+38-29 
+10-97 

-  -18 

-  -28 

+16-53 
+  10-51 
+  -14 
-  -28 

Radial 

Velocity .  . . 

+60-3 

+73  1 

+72-5 

+60-2 

+55-8 

+48-8 

+27-0 

16S  DEPARTMENT  OF  THE  INTERIOR 
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detailed  MEASURES  of  p  OKioNis — (Continued). 


X 

2999. 

3094. 

3099. 

3100.  3101. 

3143. 

3159. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+39-3 
27-5 
22-5 
18-7 
241 
12-7 
22-9 

! 

1 

1 

1 

i 

4471  

+31  -8 
19-6 
16-9 
30 

1 

ii 
1 

+  12-2 
118 
17-2 
5-5 

+  15-3 

1 

ii 
i 

1 

+26  0 
17-2 
24  0 

+18-5 

i 
i 

1 

a 

i 

+  11-8 
24-4 
10-3 

17-  5 
2-8 

18-  8 

} 

i 

l 

U 

2 
4 

1 

+29-6 
31-9 
231 
37-3 
22-1 

+49-8 

1 
i 

i 

4 

1 

1 
4 

1 

43SS  

4340  

4143  

+  14-6 
13-5 
27-9 

+27-3 

i 

i 

l 

i 

4121  

390 

a 
1 

3 
4 

H 

4101  

29-3 
+  7-3 

4026  

+20  0 

1 

+17-4 

1 

Weighted 

Mean  

V. 

v„ 

Curv. 

+  19-64 
+  10-51 
+  -11 
-  -28 

+  11-49 

-  9-95 
+  -04 

-  -28 

+21  10 
-10-91 
+  -12 
-  -28 

+22-24 
-11-43 

-  04 

-  -28 

+  14-42 
-11-43 

-  11 

-  -28 

+21-97 
-16-97 

-  -28 

-  -28 

+31-73 
-19-37 

-  06 

-  -28 

Radial 

Velocity.  . . 

- 

+30  0 

+  1-3 

+  100 

+10-5 

+  2-6 

+  4-4 

+  120 

detailed  MEASURES  of  "  orioxis — (Continued). 


\ 

3160. 

3203. 

3319. 

3320. 

2898  •  . 

^3352. 

3356. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt, 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+57-4 
660 
601 
531 
62-6 
50-6 
54-3 
44-3 

+45-2 

1 

3 
4 

1 

H 

1 

1 

! 

2 

1 

+76-5 
530 
49-9 
550 
52-7 
66-9 

x 

5 

1 

n 

H 

4 

1 

+49-5 
601 

44-  9 
62-5 
62-9 

45-  2 

i 

4 

n 
i 

H 
l 

i 

+67-6 
511 
89-8 
60-6 

i 

4 

i 

i 

i 

4471  

4388  

+37-1 
33-9 
23-7 

a 

4 

1 

2 

ii 

+52-7 

1 

+35-9 
431 

1 

3 

4340  

4267  

39-  8 

40-  6 
42-8 
431 
32-5 

+49-1 

a 

4 

1 
4 

1 

4 

u 

1 

35-4  | 
45  0  f 
58-2  i 

4143  

+  4-4 

i 

4121  

4101  

43-0  1 
+53-9  1 

58-9 
+58-1 

1 

1 

43-4  \ 
+47-5  1 

4026  

+82-3 

1 

Weighted 
Mean  

v„ 
v„ 

Curv. 

+25-54 
-19-37 

-  13 

-  -28 

+42-92 
-2611 

-  13 

-  -28 

+54-92 
-29  09 

-  12 

-  -28 

+44-27 
-2611 

-  -18 

-  -28 

+57-50 
-29-41 

-  -22 

-  -28 

+54-41 
-29-41 

-  -24 

-  -28 

+67-75 
-29-50 

-  -24 

-  -28 

Hadial 
Velocity. . . 

+  5-8 

+16-4 

+25-4 

+  17-7 

+27-6 

+24-5 

+37-7 
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dei ailed  measures  of  v  oRioxis — (Continued). 


169 


3361. 


Vel.  Wt. 


3362. 


3369. 


3370. 


Vel.    Wt  Vel. 


Wt  Vel. 


3373. 


Wt    Vel.  Wt 


337-1. 


3390. 


Vel. 


Wt. 


Vel. 


Wt. 


44S1. 
4471. 
4388. 
4340. 
4267. 
4143 . 
4121. 
4101. 
4026. 


+68-8  1 

90-6  1 

97-3  1 

116-1  1 


125-4  | 
+80-4  1 


-{-111 -3 
107-1 
111-1 
770 
109-4 
106-7 
100  0 
1210 

+  10S-6 


1  +131-7 
i\  101-3 
f  99-8 
I  113-S 

1  124-0 
i  +103-6 


+S6-6 
82-9 
90-5 
114-7 
100-1 
8S-7 
99-6 


+  107-1 


i  +97  0 
li  98-8 
99-2 
100-7 
109-7 
63-8 


99-9 
1  +97-8 


+98-4 
S9-1 
1040 
96-5 
91-9 
82-6 
1030 
92  0 
f  +90-5 


i  +50-0 


72-1 
72  S 
40-6 
54-7 


+52-3 


Weighted 

Mean  

V„ 
V,, 
Curv. 


+  95-17 

-  29-30 

-  -24 

-  -28 


+  105-65 

-  29-30 

-  -28 

-  -28 


+  111-06 

-  2S-99 

-  -19 

-  -28 


+  96  04 

-  28-88 

-  -16 

-  -28 


+  9617 

-  28-78 

-  15 

-  -28 


+  94-13 

-  28-78 

-  -21 

-  -28 


+  56-90 

-  27-23 

-  -28 

-  -28 


Radial 
Velocity. 


+  65-3       +  75-S 


+  81-6      +  66-7    !  +  67-0    I  +  64-9       +  29  1 


detailed  meascres  of  »  orioxis — (Continued). 


X 

3401. 

3404. 

3653. 

3670. 

3671. 

36S8. 

3703. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+57-6 
31-3 
43  0 
39-7 
320 
57-8 

1 
2 
3 

1 
1* 

\ 

4 

—  5-7 
32-9 
37-6 
23-5 

i 

3 
l 

3 

i 

l 

-22-4 

1 

4471  

+  3-8 
-  11 
-24-9 

1 

2 
1 

1 

2 

6-6  i 

4388  

4340  

4267  

+46-6 
+47  0 

3 
4 

5 

-  1-5 
-18-5 
-16-3 

i 
i 

3 

1 

4-2 
18-1 
17-3 

a 

4 

H 

3 
4 

-20-8 
-17-9 

3 
1 

3" 

-16-6 
-  6-6 
-20-2 

1 
2 
1 

2 
1 
2 

-14-6  i 

17-3 

1 

4121  

-12-0 
+  4-5 
-15-4 

1 
4 

i 

l 

3 

4101  

-13-2 

i 

4026  

+32  0 

1 
2 

-26-3 

1 
3 

Weighted 
V. 
Curv. 

+41-08 
-2517 
-  -28 

'-  -28 

+46-72 
-24-35 

-  -29 

-  -28 

-10-92 
+28-99 
+  -12 
-  -28 

-11-80 
+29-13 
+  -18 
-  -28 

-21-38 
+29-13 
+  -12 
-  -28 

-11-95 
+29-32 
+  -10 
-  -28 

-12-34 
+29-23 
+  12 
-  -28 

Radial 
Velocity . . . 

+15-3 

+21-8 

+  17-9 

+17-2 

+  7-6 

+17-2 

+16-7 
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detailed  measures  of  r  orionis — (Continued). 


X 

3704. 

3822. 

3823. 

3828. 

3837. 

3847. 

3865. 

Vel. 

Wt. 

Vel.  Jwt. 

Vel. 

Wt. 

Vel. 

Wl. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+  4-51  i 
31-71  i 
23-6  i 

+  18-5 
36  0 
10-5 
26-2 
471 

+  19-9 

i 
I 
i 

1 
4 

I 
3 

i 

+37-1 

44-  5 
28-7 

45-  6 
36-6 
59-3 
45-6 
42-3 

+46-8 

1 

1 
1 
1 
1 

I 

1 

I 

1 

+34  0 
56  (i 
51  1 
38-2 
72- 1 
59-8 

+47-1 

I 
a 

i 
I 

\ 
i 

i 

4471  

4388  

4340  

-38-2 
6-4 
111 
29-8 
1-8 
17-8 

l 

a 
1 

4 

1 

a 
1 

2 
1 

a 
1 

4 

+  120 
45-8 
21-9 
23-4 
36- 1 

1 
1 

i 

i 

i 

+44-5 
47-9 
33-6 
38-4 
421 
32-6 
35  0 

+28-6 

a 

4 

1 
I 

1 
1 

4 

1 
1 

4143  

4121  

1*7  Q  1 
1/  -8  2 

34-8  I 
31-9  i 

50-2 
+  10-2 

i 
i 

4026  

-42-3 

i 

+  14-8j  } 

Weighted 
Mean  

v„ 

Curv. 

-22-57 
+29-23 
+  -06 
-  -28 

+24-23 
+  8-60 

-  -19 

-  -28 

+25-94 
+  S-60 

-  -25 

-  -28 

+27-82 
+  805 

-  -23 

-  -28 

+36-37 
+  7-14 
+  07 
-  -28 

+42-82 
+  6-57 

-  15 

-  -28 

+49-75 
+  5  00 
-  -26 

"  28 

Radial 
Velocity .  . . 

+  6-4 

+32-4 

+34-0 

+35-4 

+43-3 

I 

+480 

+54-2 

detailed  measures  of  v  orionis — (Concluded). 


X 

3878. 

3879. 

3890. 

3908. 

3909. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

+69-2 
71-3 
82-7 
61  -S 
84-7 
93-2 
73-9 
69-7 

+760 

1 
1 
1 

1 

4 

1 

a 
4 
4 

1 

+96-5 
66-6 

73-  8 
59-0 
S6-7 
81-2 

74-  9 

1 
4 

a 

4 

i 

4 

1 

i 

+2S-1 
17-7 
33-2 
66-5 
60-5 
29-9 

i 

l 
1 
a 

4 

5 

4 

i 

+  9-3 
38-5 
36- 1 
46-3 
320 

1 
4 

1 
1 
1 

i 

4471  

+78-0 
81-0 
70?. 
76-2 
73-3 

i 

1 
1 
1 

1 

5 

4388  

4340  

4267  

4143  

.... 

4121  

36-7!  * 

31-9  | 
29-8  1 
+50-3  i 

4101  

89-8 
+87-2 

3 
4 
3 
4 

87-9i  1 
+57-5  1 

52-4 
+23-5 

i 

l 

4026  

Weighted 
Mean  

v„ 

V,, 
Curv. 

+74-43 
+  3-04 
+  -06 
-  -28 

+79-28 
+  3-04 

-  01 

-  -28 

+73  16 

-  0-09 

-  -OS 

-  -28 

+3S-35 

-  4-30 

-  -13 

-  -28 

+36-36 

-  4-30 

-  -19 

-  -28 

Kadial 
Velocity. . . 

+77-5 

+82-0 

+72-7 

+33-6 

+31-6 
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The  velocities  of  the  117  plates  used  in  this  discussion  and  other  data  regarding 
them  is  summed  up  in  the  following  table  of  measures.  The  phases  are  reckoned 
from  the  periastron  finally  adopted,  Julian  Date  2,417,975.16  and  the  residuals 
are  scaled  to  about  ±0.2  km.  from  the  curve  representing  the  final  elements. 


MEASURES  OF  v  ORIONTS. 


Plate. 

Julian  Date. 

Phase. 


Vel. 

Wt. 

O— C. 

1140 

2,417,891-93 

48  03 

+  5-0 

4 

-  4-4 

1160 

903-78 

59-88 

+12-0 

3 

+  3-4 

11S4 

914-92 

7102 

+  4-5 

5 

-  4-3 

1185 

914-95 

7105 

+  3-9 

5 

-  4-9 

1197 

938-73 

94-S3 

+  12-6 

6 

-  0-3 

1198 

938-75 

94-85 

+  15-2 

4 

+  2-3 

1217 

944-73 

100-83 

+  18-1 

6 

+  2-7 

1223 

954-81 

110-91 

+23-8 

5 

+  1-1 

1224 

954-84 

110-94 

+30-6 

5 

+  7-9 

1229 

955-84 

111-94 

+28-1 

3 

+  3-3 

1235 

957-54 

113-64 

+22-5 

4 

-  1-5 

1250 

961-71 

117-81 

+37-6 

6 

+  4-8 

1251 

961-73 

117-83 

+36-5 

3 

+  3-7 

1261 

963-78 

119-88 

4-37-4 

s  5 

00 

1273 

965-59 

121-69 

+41  -4 

6 

-  1-3 

1282 

968-58 

124-68 

+52-6 

4 

-  1-6 

1302 

970 &5 

126-75 

+51  0 

7 

—  11-5 

1303 

970-67 

126-77 

+60-4 

6 

'-  21 

1314 

975-62 

0-46 

+73-5 

4 

-  2-7 

1320 

980-70 

5-54 

+56-1 

7 

+  0-5 

1325 

989-65 

14-49 

+29-5 

6 

+  0-7 

1326 

989-66 

14-50 

+  14-7 

3 

-15-5 

1335 

992-57 

17-41 

+22-5 

5 

-  21 

1337 

993-69 

18-53 

+30-8 

7 

+  7-6 

134S 

994-72 

19-56 

+28-5 

6 

+  6-2 

1352 

996-62 

21-46 

+26-7 

6 

+  6-4 

1377 

2,418,005-68 

30-52 

+21-4 

4 

+  70 

1385 

010-68 

35-52 

+  12-2 

6 

-  01 

1396 

017-53 

42-37 

+  14-3 

6 

+  3-8 

1485 

047-56 

72-40 

+  16-9 

2 

+  8-1 

1497 

049-53 

74-37 

+10-3 

6 

+  1-4 

1503 

054-55 

79-39 

-  0-3 

2 

-  9-6 

1916 

217-94 

111-52 

+20  0 

3-5 

-  3-4 

1943 

234-96 

128-54 

+63  0 

1-5 

-  7-5 

2009 

283-85 

46  17 

+  7-1 

5 

-  2-6 

2010 

283-87 

46- 19 

+  20 

1-5 

-  7-7 

2019 

285-87 

4819 

+  3-6 

3 

-  5-7 

2020 

285-90 

48-22 

+  0-3 

2-5 

-  90 

2025 

286-67 

48-99 

-  30 

3 

-12-2 

2034 

292-82 

55- 14 

+  8-9 

5 

00 

2035 

292-85 

55-17 

-  2-8 

4 

-11-7 

2061 

297-85 

60- 17 

+  2-6 

5 

-  60 

2133 

320-79 

83-11 

+  10-3 

7-5 

+  0-4 

2147 

322-78 

85-10 

+  6-2 

2 

-  41 

2230 

341-70 

104-02 

+  11-8 

6 

-  6-2 

2257 

346-72 

109-04 

+20-7 

6 

00 

2339 

374-70 

5-76 

+51-7 

6 

-  30 

2380 

381-69 

12-75 

+35-9 

5 

+  3-2 

2410 

388-67 

19-73 

+300 

4 

+  8-0 

2428 

389-66 

20-72 

+30-9 

6 

+  9-9 

2446 

397-62 

28-68 

+24-2 

7 

+  90 

2524 

425-55 

56-61 

1  +12-6 

7 

+  3-8 
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measures  of  v  ORiONis— (Continued). 


Plate. 
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measures  of  "  orionis — (Concluded). 


Plate. 

Julian  Date. 

Phase. 

Vel. 

Wt. 

O-C. 

3S47 

2,419,015  S2 

121-84 

+48-0 

8 

+  5-0 

3865 

018-89 

124-91 

+54-2 

4 

+  0-2 

3878 

022-69 

12S-71 

+77-5 

7 

+  5-S 

■3S79 

022-73 

128-75 

+82  0 

5 

+10-3 

3S90 

027-75 

2-51 

+72-7 

6 

+  1-4 

;vm)s 

036-76 

11-52 

+33-6 

5 

-  1-4 

3909 

036-79 

11-55 

+31-6 

6 

-  3-4 

For  convenience  of  reference  the  early  measures  of  Frost  and  Adams  are  appen- 
ded:— 

YERKES  MEASURES  OF  v  ORIOMIS. 


Date. 

Julian  Date. 

Phase. 

Vel. 

Residual  from  Ottawa  Curve. 

1903.   Jan.  22 

2,416,137-85 

0-33 

+S1 

+4-S 

Oct.  31 

419-94 

19-90 

+21 

-0-8 

Nov.  14 

433-90 

33-86 

+12 

-0-8 

The  first  plate  was  stated  to  have  such  broad  and  fuzzy  lines,  owing  to  the 
dispersion  of  three  prisms  used,  that  the  result  wTas  considered  only  a  rough  approx- 
imation. In  a  personal  communication  to  the  writer  Professor  Frost  gives  the 
velocities  from  the  different  lines  used.  These  agree  among  themselves  very  closely 
and  he  suggests  that  the  plate  should  be  given  considerable  weight,  and,  no  doubt, 
its  result  is  close  to  the  actual  velocity.  The  period  that  suits  all  observations  best 
is  that  given,  viz.:  131.26  days,  though  possibly  the  first  decimal  place  is  as  close 
as  this  can  be  relied  on. 

With  this  period  the  plates  were  grouped  according  to  phase  into  fourteen  normal 
places.  The  weight  given  to  each  group  was  approximately  the  sum  of  the  weights 
of  the  individual' plates  comprising  the  group. 


NORMAL  PLACES 


Mean  Phase. 

Mean  Vel. 

Weight. 

O-C. 

Equation-Ephenieris. 

1 

2-77 

+69-23 

5- 

-  -28 

-•05 

*  2 

5-93 

55-25 

3- 

+  -50 

+  •10 

3 

11-75 

31-69 

4-5 

-3-22 

+  •12 

4 

18-99 

26-21 

5- 

+3-47 

»  +-05 

5 

41-55 

11-18 

7- 

+  -56 

-04 

6 

56-46 

7-99 

4-5 

-  -65 

-04 

7 

71-13 

7-59 

4-5 

-107 

-06 

8 

84-52 

8-38 

5- 

-1-83 

-•05 

9 

1  99-65 

15-46 

4-5 

+  -6S 

-•03 

10 

109-27 

21-98 

5-5 

+  -82 

-•03 

11 

116-95 

30-66 

4-5 

-  -63 

+  •01 

12 

121-63 

44-27 

6- 

+1-73 

+  •18 

13 

126-82 

61-19 

5- 

-2-06 

+  •40 

14  • 

130-10 

+78-79 

2-5 

+3  19 

+  •17 
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Preliminary  elements  were  obtained  by  the  graphical  method  of  Dr.  King,* 
as  follows: — 

P  =  131.26  days. 

e   =  . 575 

o>  =  0° 

K  =  33  km. 

y  =  +21.53  km. 

T  =  J.  D.  2417974.69. 

With  these  elements  it  was  decided  to  make  a  least-squares  solution.  Using  the 
differential  [formfof  Lehmann-Filhes,  fourteen  observation  equations  were  formed 
connecting  the  residuals  with  the  elements  y,  K,  e,  <«  and  T.  The  period  was 
considered  determined  as  closely  as  could  be.  For  sake  of  homogeneity  the  fol- 
lowing substitutions  were  made: — 


x 

y 

z 

u  - 

V  = 


5y 
8K 

KM  = 
K.b*  = 
K 


33  5e 
33  5<" 

H.5T 


[0.46003]  57; 


OBSERVATION  EQUATION'S  FOR  ►  ORIOMS. 


Weight. 

X 

y 

z 

u 

—  n 

1 

5 

1000 

+  1-362 

-  -395 

•617 

+1-302 

-2-76  =  0 

2 

3 

+  -972 

-1-804 

•918 

+  1-384 

-1-66 

3 

4-5 

a 

+  -415 

-1-778 

■987 

+  S14 

+3-52 

4 

5 

a 

+  -046 

-  -8  23 

■848 

+  -411 

-3  18 

5 

7 

u 

-  -347 

+  -670 

•388 

+  086 

-109 

6 

4-5 

-  -415 

+  -959 

•138 

+  026 

-  17 

7 

4-5 

u 

-  -420 

+  -981 

+ 

•095 

-  017 

+  -06 

8 

5 

u 

-  -374 

+  -786 

+ 

•314 

-  065 

+  -79 

9 

4-5 

u 

-  -229 

+  -188 

+ 

•595 

-  172 

-1-49 

10 

5-5 

-  022 

-  -592 

+ 

•802 

-  -346 

-119 

11 

4-5 

a 

+  -308 

-1-563 

+ 

•964 

-  -691 

+  104 

12 

6- 

u 

+  -670 

-2  041 

+ 

•995 

-1107 

-  -64 

13 

5 

a 

+  1-275 

-  -829 

+ 

•714 

-1-405 

+2-42 

14 

2-5 

it 

+  1-564 

+  -916 

+ 

•148 

-  -365 

-5-66 

These  were  transformed  into  the  normal  equations  : — 

66.500j  +  18.304;/    -  25.698z  +  5.476u    -   3.667t-  -  37.475  =  0 
33.604y    -  30.393z  +  1 .271«    -    1 . 157y  -  22.581 
86.463z  -  6.882u    +   6. 306i'  -  22.973 
31.941u    -  30.289v  +  13.267 
38.621y  -  26.839 


*  Astrophysical  Journal,  Vol.  XXVII,  p.  125. 
t  Astronomische  Nachrichten  3242. 
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The  following  corrections  resulted:— 


+  .57  kin. 
+  1.09  km. 


+  .024 
+  1°.58 
+  .47  d 


giving  as  the  corrected  elements,  with  their  probable  errors:— 


P  =131.26  days. 

e  =      .599  =  .014 

«,  =    i°.58  ±2°.12 

y  =  +  22.10  km.  =.47  km. 

K  =    34.09  km.  =.75  km. 

T  =J.D.  2417975.16  =  .38  days. 

A  =  54.50  km. 

B  =  13.68  km. 

a  sin  i  =49,270,000  km. 


The  sum  of  the  squares  for  the  normal  places  was  reduced  from  298 . 5  to  205 . 9 
about  31  per  cent.  The  residuals  given  in  the  table  of  normal  places  are  those  from 
the  final  elements.  The  agreement  between  equation  and  ephemeris  residuals 
was  satisfactory,  so  that  no  further  solution  was  necessary. 

The  probable  error  of  a  single  observation  obtained  from  columns  5  and  6  of 
the  measures  is  =3.47  km.  per  sec.  For  this  type  of  spectrum  one  would  expect 
that  this  value  should  be  somewhat  lower,  but  remeasurement  of  many  of  the  plates 
giving  large  residuals  failed  to  make  any  sensible  difference  in  the  results.  In  a 
few  cases  as  may  be  noted  in  the  measures,  plates  made  consecutively  on  the  same 
night  differ  from  each  other  by  10  to  12  km.  per  sec,  so  that  the  above  value  waa 
not  unexpected. 

Quite  recently  Mr.  Jordan*,  of  the  Allegheny  Observatory,  in  discussing  the 
orbit  of  t  Andromedse  calls  attention  to  the  large  gap  between  the  short  and  long 
periods  for  the  helium  stars.  The  star  under  discussion  here  furnishes  another 
illustration  of  the  marked  increase  of  eccentricity  with  period,  the  value  of  e  being 
.  60  for  an  orbital  period  of  131  days. 

The  curve  shown  (Fig.  5)  represents  the  corrected  values  of  the  elements. 


This  star  (a  =  4h  49m.3,  5= +53°  35',  photographic  magnitude  about  4.6) 
was  announced  as  a  spectroscopic  binary  by  Campbell  and  Moore  in  1907.  f  Work 
was  commenced  on  the  star  here  in  December,  1908,  and  continued  till  March  of 
the  present  year,  when  forty-four  spectrograms  in  all  had  been  secured. 

The  first  eight  plates  were  made  with  the  single-prism  instrument  as  first 
constructed,  linear  dispersion  at  Hy  being  30.2  tenth-metres  per  millimetre  and 


The  Spectroscopic  Binary  7  Camelopardalis. 


*  Publications  of  the  Allegheny  Observatory.  Vol.  II.  No.  8. 
t  Astrophysical  Journal,  Vol.  XXVI,  p.  292. 
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the  remaining  number  with  the  new  instrument  whose  dispersion  at  the  same  region 
is  33.4  tenth-metres  per  millimetre.  Somewhat  over  a  year  ago  a  solution  was 
made  from  the  thirty-nine  plates  then  secured  and  elements  agreeing  very  closely 
with  the  present  ones  were  obtained.  Some  slight  irregularities  in  the  curve  seemed 
to  indicate  the  presence  of  a  second  spectrum  and  five  fine-grained  plates  have  since 
been  made  at  the  crests  of  the  curve  for  the  sole  purpose  of  deciding  this  question. 

On  plate  3555,  which  is  weak,  the  Mg.  line  A  4481  might  be  suspected  as  a 
double,  but  none  of  the  other  plates  show  any  evidence  whatever  of  the  presence 
of  the  second  spectrum. 

This  star  is  of  type  A2,  Harvard  classification,  and  has  lines  well  adapted  for 
measurement.  Among  the  most  frequently  used  were  XX  3933,  4101,  4233, 
4340,  4481  and  4549.  Many  other  lines  mostly  metallic  were  present,  and  when 
measured  gave  velocities  in  good  agreement  with  the  principal  lines. 

The  wave-lengths  of  the  lines  employed  in  determining  the  velocities  are  given 
in  the  accompanying  table. 


LINES  USED  IN  7  CAMELOPARDALIS. 


Element. 

Wave-Length. 

Element. 

Wave-Length. 

Fe 

4584-018 

Ti 

4300-211 

Fe 

4549-760 

Fe-Fe 

4271-760 

Ti 

4534-139 

Fe 

4233 -32S 

Mg 

4481-400 

He 

4143-928 

Fe 

4404-927 

Si 

4128-211 

Ti-V-Zr 

4395-286 

H 

4101-890 

H 

4340-634 

Fe 

4045-975 

Fe 

4308  081 

Ca 

3933-825 

The  observational  data  of  the  plates  is  contained  in  the  accompanying  table 
which  is  taken  from  the  regular  observing  book  for  spectrograph^  work,  but  some- 
what abridged.  This  table  is  followed  by  the  detailed  measures  of  each  plate 
showing  the  velocities  deduced  from  each  line. 
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DETAILED  MEASURES  OF  7  CAMELOPARDALIS. 


X 

1997. 

2013. 

2043. 

2052. 

2089. 

2137. 

2222. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

-  5-4 
-29-8 

1 

i 

2 

+27-6 
28-7 
28-1 
25-2 

1 

li 

l 

l 

+9-5 
0-7 
15-8 
90 

22-8 

1 
2 

1 

2 

1 

1 

2 

+31-8 
57-3 
35-8 
28-9 
460 
33-9 

3 
4 

1 
2 

1 

1 

4 

1 

1 
2 

4481  

+14-3 
16-8 

li 
H 

+35-6 
57-6 

2 
1 

4340  

4128  

4101  

25-5 

3 
4 

+  6-1 

1 

47  0 

1 

7-6 
+  7-7 

1 

1 

li 

3933  

+21-5 

li 

+19-7 

l 

+32-9 

li 

+15-5 

H 

+40-7 

.... 
1 

Weighted 
Mean  

v„ 
v„ 

Curv. 

+  18-77 
+  3-12 
+  -08 
-  -28 

-13-58 

-  02 
+  -12 

-  -28 

+26- 11 

-  4-09 
+  -05 

-  -28 

+  8-93 

-  5-41 
+  10 

-  -28 

+37-42 
-12-20 
+  -12 
-  -28 

+  11-74 
-15-65 
+  -04 

-  -28 

+43-32 
-21-50 
+  -08 
-  -28 

Radial 

Velocity. . . 

+21-7 

-13-8 

+21-8 

+  3-3 

+25-0 

-~4 

•1 

+21-6 

detailed  measures  of  7  cAmelopardalis — (Continued). 


2222. 
(check) 

2248. 

2338. 

2409. 

2507. 

2519. 

2835. 

Vel. 

Wt. 

Vel.  Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4549  

-  9-7  1 
17-3  li 
22-9  \ 

+  6-8 
-  61 
+  7-9 
+  8-1 

1 

H 
l 

3 

-  9-6 

1 

-30-4 
-30-6 

1 

n 

-12-7 
+  8-7 
-  0-9 

i 
li 

1 
4 

4481  

4340  

+32-4 
55-1 

2 

i 

+11-4  2 

4-25-2!  1 

-43-9 
36-7 

2 
li 

4233..:  

13-2  i 

4101  

231 
+42-7 

i 

li 

+  7-6 
+31-5 

3 
4 

1 
2 

3933  

-301  i 

-  2-4 

1 

-47-0 

li 

Weighted 

Mean  

V„ 
V,, 

Curv. 

+39  09 
-21-50 
+  -08 
-  -28 

-17-19 
-22-66 

-  01 

-  -28 

+  1-21 
-25-72 

-  -19 

-  -28 

+13-60 
-24-97 

-  -21 

-  -28 

-30-52 
-1815 
-  19 

-•  -28 

+  2-14 
-17-19 

-  18 

-  -28 

-41-42 
+23-92 
+  -19 
-  -28 

Radial 

Velocity. 

+17-4 

-40- 1 

-25  0 

-11-9 

-49  1 

—  15-5 

-16-6 
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detailed  measures  of  7  CAMELopARDAUS — (Continued). 


2S43. 

2856. 

2872. 

2909. 

2950. 

2950. 
(check) 

2975. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4549  

-50.3 

1 
f 

-40.0 

1 

-12-9 
"22-3 
2-3 

1 

1 

21 

-120 
23-9 
3-3 

1 

1 
21 

4481  

4400  

37- 1 

* 

32-3 

H 

-36-3 

1 

+  9-9 

1 

-23-2 
420 

!, 

l 
1 

4340  

21-3 
45-6 

1 

i 

25-7 

1 

22-7 
-2S-S 

i 
i 

23-2 
-25-5 

1 
1 

33-5 

4233  

si -a 

1 

22-3 

4128 

19-2 
16-3 
30-6 
32-9 
-32-9 

1 

1 

1 

1 
2 

2 

4101  

25-5 

4063  

4045  

.... 

36-8 
-36-3 

1 
U 

3933  

-20-4 

n 

-44-4 

1 

Weighted 

V„ 
V,, 
Curv. 

-29-15 
+23-26 
+  -12 
-  -28 

-35-44 
+22-92 
+  -19 
-  -28 

-28-64 
+22-56 
+  -17 
-  -28 

+  9-94 
+19-58 

-  10 

-  -28 

-  9-50 
+11-69 

-  13 

-  -28 

-1000 
+11-69 

-  13 

-  -28 

-32- 17 
+  5-92 
+  -15 
-  -28 

Radial 
Velocity. . . 

-  50 

-12-6 

-6-1 

+29- 1 

+  1-3 

-26-4 

DETAILED  MEASURES  OF  7  CAMELOPARDALIS — (Continued). 


2992. 


Vel.  Wt. 


3066. 


3075. 


3080. 


Vel.    Wt.  Vel 


3093. 


Wt.|  Vel.   Wt.  Vel.  Wt.  Vel.   Wt:  Vel.  Wt 


309S. 


3111. 


4563. 
4549 . 
4534 . 
44S1. 
4352. 
4340. 
4300. 
4233 . 
4101. 
401.-,. 
3933. 


-36-7  1 




+31-5  \ 


36-2,  1 


14-6  1 


+32-4 


17-5 


24-6  1 
26-5  1 
44-4!  \ 
-43-3|  1 


4i -s  ; 


+10-6  2 


2S-9 
27-8 
49-3 
18-9 


+  12-6 


-16-7 

"S-7 


-32-1 


+47  0 
34-0 
54-9 
22-7 
25  0 
45-9 


43-9 
36-8 


+39-3 


-36  0  1 


26- 1  \\ 


17-8  i 


+450 


54-1 
40-5 


-26  0  1 


31-7 
40-2 
+45-0 


u 

i" 


Weighted 

Mean  

V„ 
Vj 

Curv. 

Radial  _ 
Velocity .  . 


—35-51 
+  3-72 
+  -IS 
-  -2S 


-31-9 


+  1S13 
-  8-84 
-00 

-'  -2S 


+  90 


+22-70 

-  9-25 
+  -03 

-  -28 


+  13-2 


-17-62 

-  9-67 
+  -03 

-  -28 


+39-03 
-13-71 
+  01 
-  -28 


+25  0 


-25-05 
-14-45 
•00 
-  -2S 


-39-S 


+44-98 
-15-22 

-  14 

-  -28 


+29-3 
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DETAILED  MEASURES  OF  7  C A MELOPA RD ALIS — (Continued). 


X 

3125. 

3138. 

3154. 

3157. 

3185. 

3191. 

3195. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

45S4  

-31-6 
310 
40-9 
15-9 

1 

I 

3 

I 
li 

4549  

-22-7 

a 

+12-9 

n 

+30-7 

1 

a 

-560 

1 
2 

4534  

4481  

-  0-2 

00 

u 

-  51 

+  8-8 
+  9-3 

1 
1 

3 

1 

59-4 

i 

2-5 

H 

+55-3 

11 

4404  

4340  

+  5-3 

l 

9-7 

i 
2 

32-4 
24-7 

i| 

T 

2 

45-1 

ii 

15-6 

l 

400 

1 

4271  

4233 

+  2-2 
-191 
+  14-6 
+  7-1 
-  1-7 

l 

l 

2 
l 
2 
1 

a 

2 

+  4-3 

I 

-  2-7 

1 
4 

4143  

4128  

4101  

Sfi-3 

i 

48-1 
+49-9 

i 

+  8-0 

i 

a 

+18-0 

ii 

-15-8 

li 

+45-9  2 

Weighted 
Mean  

-  0-82 

-  15-65 

-  15 

-  -28 

+  7-08 
-16-99 

-  07 

-  -28 

-22-99 
-19-83 

-  03 

-  -28 

-  1-54 
-20-66 

-  -01 

-  -28 

+48-44 
-23-76 
+  01 

-  -28 

-15-83 
-24-06 

-  07 

-  -28 

+48-91 
-24-36 

-  -05 

-  -28 

V. 

v„ 

Curv. 

Radial 
Velocity. . . 

-16-9 

-10-3 

-43  1 

-22-5 

+24-4 

-40-2 

+24-2 

DETAILED  MEASURES  OF  7  CAMELOPARDALIS — (Continued). 


X 

3204. 

3207. 

3246. 

3254. 

3295. 

3339. 

3555. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel.  Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4563  

+  11-4 

7-6 
51-3 

1 
2 
1 
2 
1 
2 

4549  

00 

+29-3 

1 
3 
3 
4 

+  1-6 
23-6 

1 

li 

-17-6 
23-6 

1 
1 

+32-0 
52-3 

1 

if 

4481  

+52-1 

1 

-61-8 
-S6-0 

3 
4 
1 
4 

4395  

4310  

28-3 

H 

19-8 

3 
4 

21-5 

1 

30-1 

1 
2 

53-2 
41-5 

ii 
l 

33-3 

ii 

4308  

4233  

20-4 

3 
4 

4-3 

1 

2 

36-4 
29-3 
26 -S 
26-4 
+28-7 

1 
2 

s. 

4 
3 
4 

1 

2 

4143  

65-7 

I 

4128  

4101  

24  1 
+  16-6 

l 

ii 

14-4 
-27-2 

3 
4 

1 

500 
+49-7 

1  • 
4 

H 

3933  

+11-6 

1 

a 

+5S-7 

i 

Weighted 
Mean.  ... 

v„ 
vd 

Curv. 

+21-29 
-24-81 

-  -18 

-  -28 

+1803 
—25-11 

-  -05 

-  -28 

-19-60 
-25-45 

-  -15 

-  -28 

+47-29 
-25-56 

-  10 

-  -28 

+47-90 
-25-72 

-  -19 

-  -28 

+28-68 
-25-37 

-  -11 

-  -28 

-67-89 
+19-99 
+  -19 
-  -28 

Radial 
Velocity . . . 

-  4-0 

—  7-3     |  —45-5 

+21-3 

+21-7 

+  2-9 

-480 
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DETAILED  MEASURES  OF  7  CAMELOPARDALIS— (Concluded). 


\ 

- 

3561. 

3608. 

4058. 

4079. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

+54-2 

J 

4572  



+  01 
-  9-8 

i 

* 

4549  

-  3-3 

i 

52-7 

1 

-19-2 
12-4 
-17-5 

1 

I 

u 

4534  

4481  

-  01 
+  100 

U 

+  6-7 

1 

54-6 

4233  

4227  

52-1 
+55-7 

1 

If 

3933  

Weighted 

-  0-83  ■ 
+21-45 
+  -21 

-  -28 

+  3-40 
+25  00 
+  10 

-  -28 

+54-28 
-25-70 

-17-21 
-25-72 

v„ 

Curv. 

-  16      -  19 

-  -28        -  -28 

Km'IuiI 

Velocity. . . 

+20-5 

+28-2 

+28-1 

-43-4 

The  following  table  contains  a  summary  of  the  measures.  The  phases  are 
reckoned  from  periastron  passage  J.  D.  2,418,281 . 176  using  the  period  3.8846  days. 
The  residuals  in  the  last  column  are  scaled  from  the  curve  representing  the  final 
elements. 

MEASURES  OF  7  CAMELOPARDALIS 


Plate. 

Julian  Date. 

Phase. 

Vel. 

Number 
of  lines. 

Weight. 

O-C. 

1997 

2,418,278 

649 

1-358 

+21-7 

5 

4 

-2-9 

2013 

285 

591 

•530 

-13-8 

2 

1 

-2-8 

2043 

294 

628 

1-798 

+21-8 

5 

5 

-0-7 

2052 

297 

578 

■864 

+  3-3 

7 

5 

-4-2 

2089 

313 

514 

1-261 

+250 

7 

6 

+2-2 

2137 

322 

542 

2-520 

-  4-1 

2 

2 

+4-9 

2222 

341 

480 

2  035 

+  19-1 

4 

5 

+3-9 

2248 

346 

.539 

3-209 

-401 

5 

+0-4 

2338 

374 

664 

•258 

-25  0 

5 

5 

+0-5 

2409 

388 

645 

2-585 

-11-9 

5 

5 

+0-6 

2507 

420 

616 

3-479 

-491 

2 

2 

-4-6 

2519 

423 

633 

2-611 

-15-5 

3 

2 

-13 

2835 

580 

683 

•393 

-16-6 

3 

5 

+2-2 

2843 

5<4 

776 

■601 

-  5-0 

6 

5 

+2-2 

2856 

586 

652 

2-477 

-12-6 

4 

4 

-61 

2872 

588 

707 

•648 

-  61 

7 

6 

-1-6 

2909 

600 

920 

1-207 

+29- 1 

1 

1 

+7-8 

29.50 

623 

851 

•830 

+  1-5 

5 

5 

-4-5 

2975 

637 

591 

2-916 

-26-4 

6 

6 

+3-6 

2H92 

642 

552 

•10S 

-31-9 

7 

7 

+0-6 

3066 

670 

660 

1024 

+  90 

4 

4 

-60 

3075 

671 

614 

1-978 

+13-2 

7 

7 

-3-8 

3080 

672 

611 

2-975 

-27-5 

3 

2 

+5-0 

3093 

682 

595 

1-305 

+25  0 

9 

5 

+1-2 

3098 

684 

561 

3-271 

-39-8 

4 

4 

+2-3 
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measures  of  7  camelopardalis — (Concluded). 


Plate. 

Julian  Date. 

Phase. 

Vel. 

Number 

Weight. 

O-C. 

of  lines. 

3111 

2,418,b^b-  ib9 

1-595 

+29-3 

7 

7 

+3-7 

3125 

687-795 

2-621 

—  16-9 

8 

7 

-2-4 

3138 

o91 -619 

2-560 

— 10-3 

4 

4 

+0-7 

3154 

700-586 

3-758 

—43-1 

7 

6 

-21 

3157 

703-542 

2-829 

—22-5 

5 

4 

+3-7 

3185 

717-506 

1-255 

+24-4 

5 

6 

+1-6 

3191 

719-5S3 

3-332 

—40-2 

4 

3 

3195 

721-546 

1-410 

+24-2 

4 

4 

-10 

3204 

724-657 

•636 

-  40 

5 

5 

+0-7 

3207 

726-521 

2-500 

-  7-3 

5 

4 

+0-7 

3246 

731-607 

3-702 

-45-5 

6 

5 

-3-5 

3254 

733-570 

1-7S0 

+21-3 

4 

3 

-1-9 

3295 

740-646 

1-0S7 

+21-7 

6 

4 

+4-2 

3339 

749-523 

2194 

+  2-9 

9 

8 

-5-1 

3555 

886-853 

3-564 

-48-0 

2 

1 

-3-8 

3561 

892-790 

1-732 

+20-5 

4 

3 

-3-2 

360S 

8,915  SS2 

1-516 

+28-2 

2 

2 

+2-2 

4058 

9,102-607 

1-780 

+28-1 

4 

5 

+5-1 

4079 

9,104-647 

3-820 

-43-4 

3 

3 

-3-9 

Through  the  kindness  of  Professor  Campbell  the  G.  M.  T.  of  the  Lick  plates 
were  obtained  and  for  completeness  those  observations  are  given  here. 


LICK  OBSERVATIONS 


Date. 

Julian  Date. 

Phase. 

Vel. 

O-C. 

1902.  Nov.    4  ... 

2,416,058-987 

3-687 

-36-5* 

+6-0 

1903.  Dec.  6  

6,455-971 

•557 

-18-5* 

-9-2 

1907.  Feb.  7.... 

7,614-721 

1-696 

+20-5 

-4-4 

"  27.... 

7,634-694 

2-246 

-  3-2 

-8-7 

Mar.  13.... 

7,648-724 

•738 

-  1-8 

-2-6 

Apr.  22.... 

7,688-692 

1-S60 

+22-5 

+1-5 

Aug.    8. . . . 

7,796-976 

1-375 

+230 

-20 

There  is  some  uncertainty  as  to  the  exact  period.  Our  own  observations  gave 
the  value  3 . 885  days,  and  when  the  Lick  observations  were  used  in  conjunction  with 
our  own,  a  period  of  3 . 8848  days  was  obtained.  This  satisfied  all  their  observations 
well,  except  the  second  which  had  a  residual  of  — 15  km.  As  the  agreement  of  the 
two  approximate  measures  made  on  this  plate  seemed  to  make  it  trustworthy,  it 
was  thought  best  to  equalize  the  residuals  by  changing  the  period  to  3 . 8846  and  this 
is  the  value  here  accepted. 

The  observations  were  now  grouped  into  sixteen  normal  places,  the  weights 
assigned  each  group  being  in  general  one-tenth  of  the  sum  of  the  weights  of  the 
individual  plates  comprising  the  group. 


*  Means  of  two  approximate  measures. 
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NORMAL  PLACES 


Mean  Phase 

Mean  Vel. 

Wt. 

0-C. 

Mean  Phase 

Mean  Vel. 

Wt. 

O-C. 

1 

•170 

-29  02 

10 

+  1-29 

9 

2  002 

+  15-66 

10 

-  -95 

2  . 

■416 

—  16  13 

•5 

+  1-29 

10 

2194 

+  2-90 

■5 

-5-45 

3 

•630 

-  510 

1-5 

+  03 

11 

2-495 

-  8-78 

10 

-1-20 

4 

■847 

+  2-40 

•8 

—  4-31 

12 

2-581 

-11-97 

10 

+  -42 

5 

1-095 

+  15-35 

•7 

-  -80 

13 

2-697 

-18-94 

•9 

-  15 

6 

1-26S 

+25  03 

20 

+2-22 

14 

2-931 

-26-67 

■6 

+3-90 

7 

1-486 

+26- 19 

20 

+  -42 

15 

3-311 

-41-25 

1-5 

4-1-61 

8 

1-777 

+23-43 

20 

+  -17 

16 

3-717 

-44-65 

1-5 

-2-59 

Preliminary  values  of  the  elements  were  obtained  by  Dr.  King's  graphical 
method,  and  then  a  least -squares  solution  was  made.  As  the  eccentricity  was 
small  the  time,  of  periastron  passage  was  taken  as  fixed  and  a  value  of  *>  assumed, 
so  that  only  the  four  elements  y,  K,  e  and  >»  entered  into  the  solution. 

For  the  sake  of  homogeneity,  the  following  substitutions  were  made: — 
x  =  by 

y  =  8K 

z   =  K.  be  =  35 .  be 
u   =  K  bui  =  35 .  5<d 


OBSERVATION  EQUATIONS  FOR  7  CAMELOPARD.U.IS . 


Weight. 

* 

y 

z 

u 

—  n 

1 

10 

1000 

-•585 

-•343 

+  -811 

-  -65  =  0 

2 

•5 

" 

—  -225 

+  •431 

+  -975 

-  -94 

3 

1-5 

It 

+  •119 

+  •908 

+  -993 

+  -06 

4 

•8 

u 

+  ■453 

+  ■964 

+  -891 

+4-25 

5 

•7 

a 

+  ■722 

+  -58S 

+  -692 

+  -72 

6 

2-0 

U 

+  •913 

-•061 

+  -407 

-2-27 

7 

2-0 

U 

+  -99S 

-•693 

+  -067 

-  -47 

8 

20 

+  •920 

-•991 

-  -393 

-  -44 

9 

10 

" 

+  •719 

-•649 

-  -695 

+  -31 

10 

•5 

(t 

+  •473 

-•085 

-  -881 

+4-45 

11 

1-0 

" 

+  •006 

+  •776 

-l-OOO 

-  -22 

12 

10 

a 

-•133 

+  •919 

-  -991 

-1-88 

13 

•9 

» 

-■315 

+  •999 

-  -949 

-1-30 

14 

•6 

-■644 

+  •747 

—  -765 

-507 

15 

1-5 

" 

-■967 

-•376 

—  -254 

-1-80 

16 

1-5 

-•921 

-•991 

+  -389 

+3-21 

whence  the  normal  equations:  — 

18.500x  +  3.338!/  -      .7732  -    .091«  -5.148  =  0 

9.927(/  -    1.617z  +    .232k  -  1.471 

10.1512  +    .063m  -  4.003 

8.569m  +  6.821 
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The  following  corrections  resulted : — 


Sy   =+    .27  km. 
8K  =+    .15  " 
be   =  +  .013 
5o>  =-l°.31 


'so  that  the  final  values  with  their  probable  errors  are  the  following:— 


p 

=  3.8846  days 

e 

=  .013=. 020 

to 

=  217°.14  =  1°.20 

K 

=  35.15  km.  ±  .72  km. 

y 

=  -8.93  km.  ±  .51  km. 

T 

=  J.  D.  2418281.176 

A 

=  34.79  km. 

B 

=  35.51  km. 

a  sin  i  =1,877,000  km. 


The  sum  of  the  squares  of  the  residuals  for  the  normal  places  was  reduced  from 
77.6  to  68.5  and  satisfactory  agreement  was  obtained  between  equation  and 
ephemeris  residuals,  the  greatest  difference  being  0.03  km.  The  probable  error 
of  a  plate  obtained  from  columns  six  and  seven  of  the  table  of  measures  is  ±2 . 18  km. 
per  sec. 

The  curve  shown  (Fig.  6)  represents  the  final  elements. 

While  the  irregularity  in  the  curve  is  still  noticeable,  the  three  normal  places 
which  show  it  most  have  weights  below  the  average  and  the  peculiar  trend  of  the 
residuals  might  be  treated  as  accidental.  The  writer,  however,  is  rather  inclined 
to  believe  that  the  second  spectrum  is  present,  and,  though  faint,  has  sufficient 
influence  on  the  measures  to  account  for  the  deviations  shown. 


This  star  (a  22"  57m.3,  8  41°47',  photographic  magnitude  3.4,  type  B3)  was 
announced  by  Wright  in  1902  as  a  spectroscopic  binary  from  four  plates,  viz.  :— 


The  measures  were  based  on  the  excellent  Hy  line,  but  mention  was  made  of  the 
composite  nature  of  the  spectrum. 

Fifty  plates  of  the  star  were  secured  here  in  1906  and  1907,  and  it  was  then 
abandoned  until  such  time  as  an  instrument  more  suitable  for  photographing  its 
spectrum  was  available.  The  first  sixteen  plates  were  made  with  the  Universal 
three-prism  spectrograph  and  the  measures  depended  solely  on  Hy,  which  was  a 
good  line.  With  the  exception  of  two,  numbers  999  and  1002,  which  were  made  with 
the  three-prism  instrument,  III  L,  all  the  rest  were  secured  with  single-prism  dis- 
persion, the  spectrograms  showing  Hp,  Hy,  Hg  and  occasionally  H€  as  measurable 
lines.  The  K  line  of  calcium  was  noted  on  a  few  of  the  latter  plates,  but,  owing  to 
its  poor  quality  it  could  not  be  stated  definitely  whether  the  velocity  given  by  it 
agreed  with  that  of  the  hydrogen  lines.  The  data  of  the  plates  and  detailed  mea- 
sures of  all  but  the  first  sixteen  are  appended. 


o  Andromedae. 


1900.  Oct,  9 
Dec.  17 

1901.  June  25 
Aug.  12 


11. 
16. 
20. 
12. 
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DETAILED  MEASURES  OF  0  ANDROMED.E 


X 

855. 

867. 

874. 

899. 

907. 

926. 

935. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4861-527 

—27-2 
36-7 
31-5 

-35-7 

3 
2 
U 
i 

-27-2 
21-7 
-35-9 

2 
2 
1 

-4.5-6 
310 
-21-7 

2 
2 

-30- 1 
37-4 
-49-3 

1 

U 

-25-6 
231 
-30  S 

2 
2 
1 

-28-6 
32-6 
-270 

2 
2 
U 

4340-634 
4102  000  

OQTn .  1 77 

-44-7 

1 

Weighted 
Mean  

Curv. 

-32-29 
+20-55 
+  -15 
-  -28 

-26-72 
+20-94 
+  -15 
-  -28 

-33-76 
+20-99 
+  -11 

-  -28 

-37-96 
+21  •  14 
+  -12 
-  -28 

-25-65 
+21-09 
+  -10 
-  -28 

-44-71 

+20-85 
+  -08 
-  -28 

-29-62 
+20-79 
+  -08 
-  -28 

Radial 
Velocity. 

-12-9 

-  5-9 

-12-9 

-170 

-  4-7 

-241 

I  -  90 

DETAILED  MEASURES  OF  0  ANDROMEDJ2 — (Continued). 


X 

948. 

954. 

960. 

964. 

970. 

977. 

9S4. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4861-527  .. 

-28-1 
310 
-33  1 

2 
U 

li 

-531 
37-9 
-36-7 

1 

2 

ii 

-34-9 
18-8 
-35-2 

2 
2 

u 

-26-6 
-31-9 

2 
2 

-19-3 
-100 

1 

u 

-33-4 
340 
-350 

2 
2 

li 

4340-634  

4102-000  

-61-7 
-54-8 

1 

l 
I 

Weighted 

v0 

V,, 
Curv. 

-30-48 
+20-20 
+  -12 
-  -28 

-39-55 
+  19-98 
+  -15 
-  -28 

-30- 17 
+19-73 
+  -08 
-  -28 

-59-41 
+19-33 
+  -12 
-  -28 

-29-24 
+  18-70 
+  -02 
-  -28 

-12-29 
+  17-81 
+  -05 
-  -28 

-34  09 
+  16-98 
+  -05 
-  -28 

Radial 
Velocity.  . . 

-10-4 

-19-7 

-20-6 

-40-2  -10-8 

+  5-3 

-17-3 
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DETAILED  MEASURES  OF  o  AXDROMED-iE — (Continued). 


999. 

1002. 

1008. 

1021. 

1035. 

1042. 

1044. 

\ 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

—55-5 

1 
3 

-16-5 

1 

-46-0 

H 

-38-8 

i 

2 

-17-6 

1 

-280 

1 

2 

-14-1 

2 

4340-634  

-32-4 

U 

-31-6 

2 

36-5 

2 

401 

2 

21-5 

2 

-21-2 

U 

5-8 

21 

4102  000  

-45-1 

i 

-57-6 

i 

-25-S 

1 

31-9 

1 

3970- 177  

4 

2 

19-3 

i 

2 

Weighted 

Mean  

-38-20 

-26-56 

-40-50 

-42-81 

-21- 

58 

-22-95 

-1405 

V„ 

+  16-35 

+  15-91 

+  15-40 

+12- 

73 

+  S-07 

+  5 

97 

+  5- 

25 

V„ 

+  ■ 

03 

+  • 

10 

+  • 

05 

05 

+  ■ 

01 

20 

13 

Curv. 

28 

28 

28 

28 

• 

28 

28 

28 

Radial 



Velocity. . . 

—22- 

1 

-10-9 

-24-9 

-30-4 

-13-8 

-17 

5 

-  9- 

2 

DETAILED  MEASURES  OF  0  ANDROMED.E — (Continued). 


X 

1052. 

1053. 

1065. 

1066. 

1087. 

1088. 

1130. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4S61-527 

-27-4 
-19-5 
+  2-9 

1 

3 

1 

2 

-22-9 
8-2 
-24-4 

1 
2 

i 

2" 

-20-9 
-130 

i 

2 

1 

-  3-9  2 
1-4  2 
-16-3  1 

+13-9 
12-5 
+  1-7 

1 

2 

u 

4340-634 
4102  -000  

-13-6 
-22-9 

21 
1 

-260 
-37-2 

2} 

Weighted 

V. 

V,, 

Curv. 

-16-24 
+  3-72 

-  -05 

-  -28 

-27-87 
+  3-72 

-  10 

-  -28 

-18-80 
+  3-10 

-  -08 

-  -28 

-14-41 
+  3-10 

-  12 

-  -28 

-15-66 

-  0-85 

-  05 

-  -28 

-  5-39 

-  0-85 

-  05 

-  -28 

+  9-24 
-13-92 

-  -23 

-  -28 

Radial 
Velocity.  . . 

-12-8 



-24-5 

-16-1 

-11-7 

-16-8 

-  6-6 

-  5-2 
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DETAILED  MEASURES   OF  0  ANDROMEDA — (Continued). 


X 

1131. 

1133. 

1134. 

1151. 

1152. 

1174. 

1175. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4861-527 
4340-634 
4102-000 
3970-177 

—  11  -3 
+  8-3 
±  00 

2 
2 

9 

+  160 
+21-4 
-  2-6 
+  10-5 

3 

2 

U 
i 

5 

-  0-4 

-  7-9 

-  7-5 
±  00 

2} 
2 

» 

+  5-4 
+21-6 
-  6-7 

H 
u 
1 

+  "-1 
+  12-2 
-  2-9 

1* 
11 
1 

+12-5 
+  14-3 
-  91 
-10-8 

1 

n 
i 

i 

+  2-9 
+  18-2 
-  6-2 
-18-5 

1 
1 
1 

1 

Weighted 
Mean  

v. 

V,, 

Curv. 

-  100 

-13-92 

-  -25 

-  -28 

+  1315 
-14-77 

-  17 

-  -28 

-  4-33 
-14-77 

-  -22 

-  -28 

+  8-44 
-15-90 

-  13 

-  -28 

+  6-50 
-15-90 

-  19 

-  -28 

+  4-85 
-19-90 

-  -28 

-  -28 

+  1-61 
-19-90 

-  -30 

-  -28 

Radial 
Velocity 

-15-4 

-  2  0 

-19-6 

-  7-9 

-  9-9 

-15-6 

-18-7 

DETAILED  MEASURES  OF  0  ANDROMED.E— (Concluded). 


X 

1176. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4861-527 

+  91 
+  14-2 
-  0-2 
-27-9 

1 
1 
1 

i 

4 

4340-634  

4102  000 

3970-177  

Weighted 

+  4-98 
-19-90 

-  -31 

-  -28 

V. 

V,, 

Curv. 

Radial 
Velocity . . . 

-15- 

5 
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Date. 


Velocity. 


1906. 


1907. 


Aug. 

6  

-  4 

2 

u 

8  

-  1 

2 

a 

15  

-  4 

2 

Sep. 

27  

0 

2 

Oct. 

16  

-  8 

2 

u 

23  

-  2 

3 

Nov. 

1  

-20 

2 

u 

8 

-11 

2 

a 

19 

-13 

2 

Dec. 

11  

-10 

2 

11 

13 

-15 

2 

11 

18 

-24 

2 

(1 

19  

-30 

2 

Jan. 

11  

-19 

3 

15  

-19 

2 

u 

16  

-13 

n 

June 

14  

-13 

« 

20 

-  6 

5 

(t 

21 

-13 

51 

27 

-17 

5* 

July 

2  

-  5 

5 

u 

9  

-  9 

5i 

a 

16  

-10 

5 

u 

18.  V.. . 

-20 

4* 

It 

20 

-21 

5i 

W't. 


Date. 


1907.   July  27 

Aug.  1 

5 
8 

"  10 

«  12 

"  22 

Sep.  6 

"  12 

"  14 

"  18 

*  18 

"  20 

"  20 

Oct.  1 

"■  1 

Nov.  8 

"  8 

"  11 

"  11 

"  18 

"  18 

Dec.  4 

"  4 
4 


Velocity. 


-11 

+  5 
-17 
-22 
-11 
-25 
-30 
-14 
-17 

-  9 
-13 
-24 
-16 
-12 
-17 

-  7 

-  5 
-15 
_  2 
-20 

-  8 
-10 
-16 
-19 
-15 


t  Cassiopeia. 

This  star  (a  =1"  48™. 0,  5  =+63°  11',  photographic  magnitude  3.5,  type 
B5),  was  placed  on  our  observing  programme  as  one  of  those  stars  having  sharp  H 
and  K  lines;  the  presence  of  which  in  spectra  having  for  the  most  part  diffuse  lines 
is  sometimes  considered  as  indicating  the  presence  of  a  second  body  in  the  system. 

Four  plates  had  been  secured  at  Yerkes  Observatory  and  measured  by  Frost 
and  Adams*  as  follows: — ■ 

Adams.  Frost. 

1901.  Oct,   3   -7-1  -2-6 

■     23   -5-8  -8-5 

"     25   -7-6  -50 

1902.  Aug.  27   '   -4-3  -6  0 

The  mean  of  their  plates,  as  well  as  of  all  their  measures,  was  — 5.9  km.  per 
sec.  The  results  of  our  first  four  plates  were  considerably  different  from  this  mean 
value,  and  when  further  plates  showred  a  greater  range  it  was  considered  that  this 
star  was  very  probably  a  spectroscopic  binary.  As  the  dependable  range  seemed 
quite  small  it  was  decided  to  make  several  plates  on  each  night  the  star  was  observed, 
the  mean  of  the  night  being  used.  In  this  way  thirty-nine  plates  on  Seed  27 
Emulsion  were  made  without  giving  any  further  proof  of  the  reality  of  the  varia- 
tion, other  than  that  some  of  them  seemed  to  show  a  few  lines  as  complex.  Fine- 
grained plates  of  the  Seed  23  Emulsion  were  then  used  in  the  hope  of  recording  the 


*  Decennial  Publications  of  University  of  Chicago,  VIII.,  page  191. 
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spectrum  of  the  second  component  if  the  star  were  really  a  spectroscopic  binary. 
Sixteen  such  plates  were  secured  without  much  additional  evidence,  and  as  a  last 
resource  the  three-prism  spectrograph  was  employed.  Only  a  few  plates  have  so 
far  been  made,  but  they  do  not  show  any  definite  doubling  of  the  lines.  A  few  plates 
from  time  to  time  will  be  made  with  the  three-prism  camera;  in  the  meantime  one 
cannot  say  with  certainty  whether  or  not  this  star  is  a  spectroscopic  binary. 

The  observational  data  for  the  plates  and  the  detailed  measures  are  given- 
After  most  of  the  plates  had  been  measured,  using  every  available  line,  a  set  of  eight 
lines  was  chosen  for  velocity  determination.  For  the  same  quality  of  a  line  the 
weight  assigned  the  first  season  is  somewhat  higher  than  for  the  second. 


These  are  the  lines: — 


Mg 

44S1-400 

He 

4143-928 

He 

■1471-676 

H 

4101-890 

He 

43SS-100 

He 

4026-352 

H 

4340-634 

Ca 

3933-825 
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DETAILED  MEASURES  OF  £  CASSIOPEIA 


X 

2623. 

2623. 

2644. 

2693. 

2788. 

2868. 

2869V 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel.  Iwt. 
1 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-24  0 
34-1 
48-7 

1 

H 
1 

—27-5  1 
34-4  li 
43-3  1 
28-5  2 
45-0  1 
28-3;  u 
20-7|  1 

-12-2  li 

-38-5 
360 
38-1 
38-9 

11 

1 

1 

2 

-22-9 
13-5 

i 

3 
1 
3 

-28-7 
1-9 

I 
4 

1 

-14-4 

i 

4471  

-35-6 

1 

4388  

4340  

4143  

25-81  2 
50-2  1 
32-6  1 
31-31  1 
-17-9  2 

35-2 
31-1 
15-7 
47-6 
-40-4 

1* 

1 

1 

l 

24-7 

U 

13-3 
20-5 
250 
22-2 
-18-0 

1 

3 
4 

1 

a 
Z 

i 

13-4 
22-3 
2-9 
-19-9 

i 

4101  

4026  

40-3 
26-6 
-16-0 

2 
1 
2 

54-5 
-32-2 

1 

a 

2 

Weighted 

Mean  

V. 
Vj 
Curv. 

Radial 
Velocity. . . 

-30-98 
+15-37 
+  -10 
-  -28 

-29- 12 
+15-37 
+  10 
-  -28 

-33-22 
+15-99 
+  10 
-  -28 

-32-80 
+19  05 
+  -06 
-  -28 

-32-86 
+17-46 
+  -11 
-  -28 

-18-37 
+12-22 
+  -12 
-  -28 

-13-96 
+  12-22 
+  -11 
-  -28 

-15-8 

-13-9 

-17-4 

-14-0  -15-6 

-  6-3 

-1-9 

detailed  measures  of  (  cassiopele — (Continued). 


2937. 

2937. 

2964. 

2991. 

3021. 

3022. 

3063. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-  90 
+19-5 

i 

3 

+11-5 

1 

+  5-1 
+  8-1 

-  9-9 

-  8-1 

2 
4 

i 

a 

A 

i 

4471  

4388  

+  2-4 

-  20 

-  6-6 
+  6-2 

i 

i 

i 

4340  

4143  

+  0-9 

li 

±  00 

li 

+  2-1 
+16-8 
-  4-1 
-19-9 

H 
1 

! 

l 

+14-9 
+  7-9 
'+  1-2 

-  1-2 

-  1-2 

li 
l 

i 
li 
li 

-  7-7 
9-6 
5-2 

-  8-8 

i 

4 

1 

a 

H 
i 

4101  

4026  

-19-6 
-24-4 
+  1-7 

.... 
1 
1 
1 

-16-8 
-16-3 
+  0-5 

l 

l  - 
1 

+  6-9 
+  9-0 

i 
li 

3933  

+10-8 

i 

Weighted 

Mean  

V. 
V,, 
Curv. 

-  911 

+  2-31 

-  -11 

-  -28 

-  7-24 
+  2-31 

-  11 

-  -28 

+  1-25 

-  1-16 
+  -11 

-  -28 

+  5-53 

-  5-69 
+  -09 

-  -28 

-  7-19 

-  8-73 

-  04 

-  -28 

+  1-88 

-  8-73 

-  05 

-  -28 

+  1-82 
-14-28 

-  13 

-  -28 

Radial 
Velocity.  . . 

-  7-2 

i 

-  5-3 

|-o.. 

-  0-3 

-16-2 

-  7-2 

-12-9 

190  DEPARTMENT  OF  THE  INTERIOR 

i  GEORGE  V..  A.  19IJ 


detailed  MEASURES  ok  t  Cassiopeia— (Continued). 


x 

3064. 

3065. 

3065. 

3090. 

3091. 

3092. 

3192. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt, 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-  3-8 
+  19-6 

1 
J 

-  3-7 

1 

li 

4 

+11.1 
-  80 
4-29-7 

i 

i 
z 
1 

4 

li 

i 

4 

i 

li 
i 

4471  

4-  5-2 

2 

4 

-  1-2 

I 

+12-7 
4-120 
+  17-3 
4-19-9 

-  3-8 

-  2-9 
-13-3 

li  +  0-6 

1  4-1S-S 

43S8  

4340 

4143  

-  3-9 
+  17-1 
+  12-5 

-  0-7 

-  5-5 

1 

i 

4 

U 

a, 

* 

-  61 
4-  S-6 

1 
1 

-  4-6 
+  9-0 

-  8-2 
+  21 

-  8-3 

1 
1 
1 
1 

i 

2 

1 

i 
J 
J 

i 

+  10-8 
—  7-5 
+25-9 
+  91 

1    +  8-9 
i   -  3-7 

4-16-4 

1 

4101  

4026  

3933  

-10-8  1 
+  1-3  1 

-  2-8|  i 

3 
4 

i 

4-21-2 
4-15-8 
-  8-3 

15-3 
4-16-2 

1 

I 

4 

Weighted 

v„ 
v„ 

Curv. 

.4-  5-03 
-14-28 

-  -09 

-  -28 

-  1-79 
-14-28 

-  10 

-  -28 

+  0-38 
-14-28 

-  10 

-  -28 

4-  8-15 
-1700 

-  05 

-  -28 

+  6-81 
-1700 

-  07 

-  -28 

4-  7-25 
-1700 

-  09 

-  -28 

4-15-84 
-20-24 

-  11 

-  -28 

Radial 

Velocity . . . 

-10-4 

-16-4 

-15-0 

-  9-2 

-10-5 

-10-1 

-  4-S 

detailed  measures  of  f  Cassiopeia — (Continued). 


3193. 

3194. 

3243.  3244. 

3245. 

3584. 

3585. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

44S1    

+  5-0 
22  1 
180 

+  12-7 

3 
4 

i 

1 

2 

li 

4471   

+25-6 
27-4 
150 

i 
i 

2 

4388  

4340  

4-19-7 

i 

2 

+11-6 

i 

i 

+-11  -6 

1 

-23-3 

1 

-16-3 
23-7 
35-5 
29-3 

-36-5 

i 
i 

i 

1 
4 

i 

4101  

18-5 
4-18-3 

i 

4 

h 

+21-5 

1 

+26-4 

i 

4 

51 
+  12-6 

i 

4 

1 

39-2 
-36-5 

% 

4 

i 

4026  

3933  

vWeiphted 

.+18-79 
-20-24 

-  -11 

-  -28 

+18-18 
-20-24 

-  12 

-  -28 

+20-78 
-19-56 

-  15 

-  -28 

+  10-18 
-19-56 

-  15 

-  -28 

+  13-23 
-19-56 

-  15 

-  -28 

-31-53 
+  19-82 

-  01 

-  -28 

-28-59 
+  19-82 

-  03 

-  -28 

V. 

Curv. 

Radial 

Velocity .  . . 

-1-8 

-  2-5 

+  0-8 

-  9-8 



-  6-8 

-120 

-  9-1 
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detailed  measures  of  f  cAssioPEi.E — ( Continued). 


X 

3586. 

3591. 

3592. 

3593. 

3605. 

3G06. 

3607. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-30-9 
33.0 
53-6 
34-6 

i 

-28-7 

1 

4471  

i 

a 
i 

2 
3 
4 

4388  

-45-8 
27-7 

3 
4 
1 
2 

4340  

-27-1 

1 

-31-4 

i 

2 

-34-6 

3 

-4 

-30-7 

i 

2 

-11-8 

H 

4143  

4101  

25-3 
31-3 
-250 

U 
l 

1 

2 

39-4 
-31-3 

2 
4 
3 
4 

250 
-14-4 

3 
4 
1 
4 

-14-9 

3 
4 

-24-0 

1 

2 

4026  

-490 

1 
4 

3933  

Weighted 

Mean  

V. 
Vd 

Curv. 

-27-21 
+  19-82 

-  04 

-  -28 

-34-36 
+19-56 
•00 
-  -28 

-33  00 
+  19-56 

-  03 

-  -28 

-38-20 
+  19-56 

-  -04 

-  -28 

-29-70 
+  19-21 
+  -04 
-  -28 

-27-35 
+  19-21 
+  -03 
-  -28 

-18-93 
+19-21 
+  -01 
-  -28 

Radial 
Velocity.  . . 

—  7-7 

-151 

-13-8 

-190 

-10-7 

-  8-4 

±  00 

detailed  measures  of  £  Cassiopeia— (Continued). 


X 

3620. 

3621. 

3622. 

3647. 

3648. 

3649. 

3655. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4471  

-16-9 
20-4 

1 
3 

1 

-12-6 
16-5 

1 
3 

i. 

-16-4 
50 
24-2 
34-8 

-40-3 

2 
1 
3 

1 

s 
1 

3 
2 

-311 
29-2 

1 
2 

-21  1 
17-3 

i 

2 
3 
4 

4340  

4143  

-29-3 
31-6 
34-4 

-18-8 

a 
1 
i 

2 
1 
4 

2 

-36- 1 

1 

4101  

4026  

3933  

-200 

1 
2 

310 
-31-3 

i 
a 

3 
4 

42-7 
35  0 
-31-7 

i 

h 

i 

4 

31-7 
-23  0 

1 

i 

a 

34-3 
-41-9 

3 
4 

1 
2 

Weighted 

Mean  

V. 
V„ 

Curv. 

-19-45 
+18-48 

-  -02 

-  -28 

-27-90 
+18-48 

-  03 

-  -28 

-33-40 
+18-48 

-  04 

-  -28 

-27-25 
+17-48 
•00 
-  -28 

-2414 
+17-48 
•00 
-  -28 

-29-32 
+  17-48 

-  -02 

-  -28 

-28-09 
+17-31 

-  02 

-  -28 

Radial 
Velocity. . . 

-  1-3 

-  9-7 

-15-2 

-100 

-  6-9 

-12-2 

-111 
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detailed  MEASURES  of  f  Cassiopeia — (Continued). 


X 

3656. 

3657. 

3684. 

3685. 

3686. 

3699. 

3700. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

44S1  

-23-3 
29-4 
17-2 
42- 1 

1 

i 
J 
i 

-32-3 

15-  9 
25  0 
19-6 
14-6 

16-  5 
-17-6 

h 
1 

1 

i 

1 
a 

i 
i 

-26-2 
31-2 
20-8 
25-7 

l 
i 

i 

1 

U 

4471  

-18-1 
23-5 
5-3 
20-7 
20-2 
10-2 

-12-6 

1 

i 

4 

J 

I 
a 

i 

-19-6 

i 

-13-9 
26-3 
-11-5 

i 

i 

l 

4388  

7       1  " 

-32-6 
29-3 

i 

7 

i 

4340  

4143  

18-9 

4101  

-19-9 

1 

-26-9 

i 

4026  

-33-8 

i 

-19-8 

1 

3933  

Weighted 

Mean  

V. 
V,, 

Curv. 

-13-81 
+17-31 

-  04 

-  -28 

-19-35 
+17-31 

-  03 

-  -28 

-29  16 
+  16-22 

-  03 

-  -28 

-20-50 
+  16-22 

-  04 

-  -28 

-23-84 
+16-22 

-  07 

-  -28 

-28-99 
+14-74 

-  03 

-  -28 

-15-60 
+  14-74 

-  03 

-  -28 

Radial 

Velocity .  .  . 

+  3-2 

-  2-6 

-13-2        -  4-6 

-  80 

-14-6 

-  1-2 

detailed  measures  of  f  Cassiopeia; — (Continued). 


X 

3701. 

3717. 

3718. 

3719. 

3735. 

3736. 

3737. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

44S1  

4471  

4388  

4340  

4143  

-230 

i 

-280 
30.0 
32-8 

-43-4 

h 

a, 

4 

3 
4 

-25-8 
22-4 
241 

-30-5 

i 

2 
4 

* 

i 

-18-4 
25-3 
27-0 

-31-2 

3 
4 

1 

i 
i 

-  5-5 
+  3-2 
-12-9 
-21-3 

3 
4 

1 

* 

4 

-  00 

2-5 
14-2 
35-8 
14-9 

-  9-2 

i 

j 

1 
i 

1 
4 

i 
i 

4 

-13-2 
160 
160 
23-4 
16-9 
451 

-  8-6 

1 

i 

i 
* 

h 

4101  

20-2 
-28-4 

1 
4 

i 

4026  

-12-2 
-12-9 

a, 

4 

i 

3933  

Weighted 

V. 
V,, 
Curv. 

-23-63 
+  14-74 

-  -04 

-  -28 

-34  18 
+12-51 

-  01 

-  -28 

-25-84 
+  12-51 

-  -03 

-  -28 

-25  00 
+  12-51 

-  04 

-  -28 

-  9- 16 
+11  14 
+  -04 

-  -28 

-1414 
+11  14 
+  03 
-  -28 

-20- 12 
+  1114 

-  01 

-  -28 

Radial 
Velocity.  . . 

-  9-2 

-220 

-13-6 

J 

-12-8      !  +  1-7 

1 

-  3-2 

-  9-3 
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detailed  measures  of  e  Cassiopeia — (Concluded). 


X 

374S. 

3749. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4481  

-17-S 
8-8 
17-3 
15-0 
26-5 

-12-5 

J 

1 

a 

i 

3 
4 

i 

4 

I 
4 

-  61 

3 

1 

4388  

4340  

-18-5 

i 

2 

4143  

4101  

Weighted 
Mean  

-15-62 
+  9-65 

-  03 

-  -28 

-1104 
+  9-65 

-  -04 

-  -28 

V„ 

v< 

Curv. 

Radial 
Velocity . . . 

-  6-3 

-  1-7 

MEASURES  OF  e  CASSIOPELB 


Date. 


1909.  July  6. 

?  9. 

"  30. 

Sep.  4. 

Oct.  8. 

"  8. 

Nov.  8. 

"  18. 

Dec.  1 . 

"  10 

"  10. 

«  29 

"  29 

«  29 

1910.  Jan.  10 

"  10 

"  10 

Feb.  18 

"  18 

"  18 

"  28 

"  2S 

"  28 

Aug.  19 

"  19 

"  19 

11  26 

"  26 


Velocity. 


-15- 
-17- 
-14- 
-16- 

-  6- 

-  2- 

-  6- 
0- 
0- 

-16- 

-  7- 
-13- 
-10- 
-16- 

-  9- 
-10- 
-10- 

-  5- 

-  2- 
_  2- 

+  1- 
-10- 

-  7- 
-12- 

-  9- 

-  8- 
-15- 
-14- 


Line. 


7 
4 
7 
5 
4 
6 
6 
4 
6 
5 
6 
6 
7 
7 
8 
3 
3 
2 

4 
3 
4 
3 
5 
4 
3 
6 


Date. 

Velocity. 

Line. 

1910.  Aug. 

U 

26 

-19- 

2 

31 

-11- 

3 

It 

31 

-  8- 

2 

u 

31 

0- 

2 

Sep. 

7 

-  1- 

3 

7  

-10- 

4 

a 

7  

-15- 

3 

u 

14  

-10- 

5 

u 

14 

-  7- 

5 

a 

14  

-12- 

4 

a 

15 

-ll- 

4 

a 

15  

+  3- 

7 

a 

15 

-  3- 

3 

u 

21  

-13- 

5 

u 

21 

-  5- 

7 

21 

-  8- 

5 

a 

28 

-IS- 

3 

a 

28  

-  1- 

3 

a 

28 

-  9- 

3 

Oct. 

7 

-22- 

4 

f( 

7 

-14- 

4 

u 

7 

-13- 

4 

« 

12 

+  2- 

6 

a 

12 

-  3- 

6 

a 

12 

-  9- 

7 

u 

17 

-  6- 

6 

a 

17 

-  2- 

2 
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MISCELLANEOUS. 

The  following  measures  of  miscellaneous  plates  of  the  stars  n  Orionis,  «  Ursae 
Majoris,  <t>  Ursae  Majoris  and  7r*  Virginis  are  published.  The  plates  are  not  as  good 
as  would  be  obtained  when  once  the  right  exposure  had  been  determined, 
but  the  measures  may  serve  a  purpose  to  other  observers  engaged  in  determining 
their  orbits.  I  believe  Professor  Frost  of  the  Yerkes  Observatory  is  working  on 
fi  <  )rionis  at  present. 

fi  ORIONIS 

Plate  1139  taken  1907,  Nov.  11,  G.  M.  T.  21"  10" 
"     1159   "        ■        ■    23  18  03 


1139. 

1159. 

Line. 

Vel. 

Wt. 

Vel. 

Wt 

4861-527  

+43  1 

+44-8 

2 

4549 -766  

57-3 

1  1 

1S 

27-9 

U 

4481-400  

61-8 

1 1 
15 

44-9 

2 

4395-286  

390 

26  0 

tt 

4352  006  

40-7 

u 

450 

2 

4340-634  

53-7 

1  X 

441 

2 

4325-939  

45-2 

24  0 

H 

4315  178  

36- 1 

ii 

19-5 

1 

4271-760  

56-3 

1 1 

15 

43-9 

1 

4260-640  

.54- 1 

460 

li 

4233-328  

5.5-4 

40-7 

li 

4215 -S97  

+53-S 

2 

+25-4 

2 

+50-19 

+36-86 

V.  

+1S-65 

+  13-70 

v„  

•12 

+  07 

Curv  

•28 

-  -28 

Radial  Velocity  

+68-4 

+50-3 

<  URS.E  MAJORIS 

Plate  456  taken  1906,  Dec.  11,  G.  M.  T.  17h  06- 
"     489     «  «     18  16  26 


Line. 

456. 

489. 

Vel. 

Wt. 

Vel. 

Wt. 

4584-018  

-25-7 
17-4 
25-2 

1 
1 

2 

4558-827  

4549-642  

4522-855  

-26-7 
2-1 
39  1 
14-5 
130 
21  1 

2 
2 

i 

3 
2 
3 

4515-508  

4501-448  

13-9 

4481-400  

4340-634  

201 
-33-4 

3 
2 

4233-328  

-13-2 

1 

Weighted  Mean  

V.  

Vj  

Curv  

-17-33 
+  17-25 
+  15 
-  -50 

-23-45 
+  16-68 
+  -15 
-  -50 

-  0-4 

-  7-0 
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t^URsa:  MAJORIS 
Plate  taken  1908,  April  13,  G.  M.  T.  17h  22" 
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Line. 


Weight. 


4549-766 
44S1-400 
4325-939 
4308 -0S1 
4271-760 
4246-996 
4063-756 
4045-975 


2 
2 
2 

14 

2 
1 
1 

2 


Weighted  Mean   +11-99 

V,   -22-50 

Vd   -  -18 

Curv   -  -28 

Radial  Velocity   -11-0 


irs  VIRGIN1S 

Plate    3349  taken  1910,  March  18,  G.  M.  T.  20 h  50* 
"      3383      «      "     April  11         "      18  32 


Line. 

3349. 

33S3. 

Vel. 

Wt. 

Vel. 

Wt. 

45S4  01S  

-31-9 
19-7 
-22-3 

i 

4 

1 

3 
4 

4549-766  

4481-400  

4340-634  

-24-5 
4-  0-8 
-  9-5 

* 
4 

li 

1 
4 

4143 -92S  

V.  

Vi  

Curv  

-27-64 

-  -35 

-  -26 

-  -28 

-  7-62 
-1210 

-  -21 

-  -28 

-28-5 

-20-2 

8  HERCULIS. 

Thirty-seven  plates  of  this  star  (a  =  17"  11°,  5  =  +  24°  57  ')  were  made  in  the 
years  1907,  1908  and  1909,  and  from  measures  of  some  of  the  early  plates  it  was  an- 
nounced as  a  spectroscopic  binary.  The  spectrum  is  of  A  type  but  the  hydrogen 
lines  are  unusually  broad,  often  a  width  corresponding  to  500  or  600  km.  per 
sec,  and  hence  a  great  deal  of  uncertainty  is  unavoidable  in  the  results.  The 
measures  made  on  twenty-five  plates  run  all  the  way  from  —  20  km.  to  —  80  km. 
per  sec.  but  a  considerable  portion  of  this  range,  though  not  all,  may  be  ascribed 
to  accidental  error  of  setting  on  such  diffuse  lines.  Consequently  the  star  was 
dropped  from  our  programme  for  the  time  being. 
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APPENDIX  B. 

THE  ELEMENTS  OF  93  LEONIS,  MEASURES  OF  t  CYGNI,  a  OPHIUCHI, 
o-  CASSIOPEIA,  AND  9  CAMELOPARDALIS. 

J.  B.  Cannon,  M.A. 

The  Elements  of  93  Leonis. 

The  star  93  Leonis,  (a  =  11"  43"',  5  =  +  20°  46')  was  announced  to  be  a 
binary  by  Campbell  and  Wright  in  1900*  from  the  measures  of  four  plates  taken  by 
them  in  that  year.  It  belongs  to  the  group  F8  of  Miss  Cannon's  classification. 
It  was  under  observation  here  at  three  different  periods  in  the  years  1908,  1909 
and  1910.  During  that  time  seventy-two  plates  were  taken,  the  instruments  used 
being  the  old  and  new  single-prism  spectrographs. 

The  lines  are  not  at  all  well  defined  and  in  many  cases  large  differences  result 
between  the  velocities  given  by  the  various  lines  and  the  mean  of  the  plate.  The 
lines  appearing  are  chiefly  due  to  Iron,  Hydrogen,  Magnesium,  Titanium  and 
Carbon.  Several  lines  of  each  element  were  measured,  but  in  the  determination 
of  the  elements  the  Titanium  lines  were  discarded,  as  so  great  differences  between 
the  velocities  from  its  various  lines  existed  that  no  dependence  could  be  placed  on 
them.  A  list  follows  giving  the  wave-lengths  of  the  lines  used  and  the  element  to 
which  each  is  due: — ■ 


Wave-Length. 


Element. 


4S61-527 

H 

4549-766 

Fe 

4481-400 

Mg. 

4415-301 

Fe 

4404-927 

Fe 

4352  006 

Mg.  Cr. 

4340-634 

H 

4325-939 

Fe 

4271-760 

Fe 

Wave- Length. 


4260-640 
4250-616 
4227  010 
4216-351 
4101  S90 
4071-901 
4063-756 
4045-975 
3933  S25 


Element. 


c 

Fe 

Fe 

Fe 

H 

Fe 

Fe 

Fe 

Ca 


The  period  of  oscillation  was  determined  by  the  aid  of  the  results  obtained  by 
Campbell  and  Wright  from  their  measures  of  1900  and  found  to  be  71.70  days. 
This  was  taken  as  being  close  enough,  their  observations  being  some  forty  periods 
away  from  the  date  of  the  first  plate  obtained  here. 

At  the  maximum  of  the  curve  the  determination  was  somewhat  unsatisfactory, 
the  weather  unfortunately  being  very  bad  at  each  return  of  the  star  to  that  part 
of  the  curve  so  that  only  a  few  observations  were  obtained.  Sometime  later  a  few 
plates  may  be  taken  to  verify  the  results  accepted. 

The  record  of  the  observations  made  and  the  detailed  measures  obtained  will 
now  be  given  followed  by  a  summary  giving  the  plate  number,  the  Julian  date,  the 
phase,  the  accepted  velocity,  the  weight  and  the  residuals  obtained  from  the  two 
methods  of  measurement. 


Astrophysical  Journal,  12,  255,  1900. 
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MEASURES  Of  93  LEON1S 


(Comparator  Measures,  Standard  Sun  Plate  3755). 


Region. 

1341. 

1356. 

1381. 

138S. 

1398. 

1498. 

1498.* 

Vel. 

Vel. 

is 

Vel. 

Vel. 

is 

Vel. 

is 

Vel. 

Vel. 

4  

-28-73 
-25-54 

-19-4S 
-1806 

... 

-28-11 
-24-71 

+  12-58 

+50-55 
+46-63 
+24-84 
+41-27 
+37-94 
+33-30 
+36-75 
+41-45 
+35  10 

+53-88 
+36-83 

5  

7  

8  

-29  00 
-30-57 
-24-72 
-31-43 
-36-45 

-i.5-75 
-22-66 
-20-68 
-17-89 

...  -20-09 
...  -20-03 

... 

;;; 

-17-92 
-16-13 
-  5-85 
-13-73 

+  6-52 
+  3-69 
+  6-56 

+30-41 

9  

-19-37 
-19-34 
-18-09 
-18-90 
-27-95 

10  

11  

-14-88 

... 

12  

-15-30 

Weighted 
V« 

R.  V.  of  Sun. . 

-29-49 
+  7-96 

-  -12 

-  -48 

-19-09 
+  6-07 
+  06 
-  -48 

-21S4 
+  2-08 

-  16 

-  -48 

-14-45 

-  -37 

-  -09 

-  -48 

+5-53 
-3-83 

-  16 

-  -48 

+38-62 
-17-81 
+  10 
-  -48 

+39-89 
-17-81 
+  10 

-  -48 

Rad.  Velocity 

-22- 1 

-13-4 

-20-4 

-15-3 

+  1-0 

+20-4 

+21-7 

measures  of  93  leonis — (Continued). 
(Comparator  Measures,  Standard  Sun  Plate  3755). 


Region. 

1534. 

1562. 

1599. 

1599.* 

1627. 

2100. 

2134. 

2231. 

Vel. 

is 

Vel. 

Vel. 

— 

Vel. 

is 

Vel. 

*- 

Vel. 

— 

Vel. 

Vel. 

4  

+  1011 

+46-24 
36-83 

+51-79 
45-14 
47-42 

39-  10 
41-11 
34-31 

40-  61 
33-91 

+36-90 

+42-91 
42-76 

+36-84 
30-65 

-  9-S6 
-10-69 

+19-97 
9-74 

-5  

*  

-17-58 

"7  

8  

9  

13-57 

8-  43 
12-31 

7-25 
11-11 

9-  18 
+13-^9 

;; 

41-  59 

42-  69 
39-55 

+41-58 

42-57 
40-89 

40-18  . . 
40-58  . . 
+36-83). . 

-  4-13 
+  2-32 

-  3  03 

16-51 
+  14-23 

19-87 
9- 17 
22  00 
-18-37 

10  

+34  04 

11  

12  

13  

Weighted 
-Mean. . . 
V„ 
Va 
R.V.of  Sun 

+  10-73 
-26-28 

-  -09 

-  -48 

+41-41 
-27-80 

-  16 

-  -48 

+41-14 
-27-92 

-  -20 

-  -48 

+40-63 
-27-92 

-  -20 

-  -4S 

+37-02 
-26-96 

-  -25 

-  -48 

-  5  08 
+25-48 

-  05 

-  -48 

+14-63 
+23-47 
+  -09 
-  -48 

-17-40 
+15-89 
+  -13 
-  -48 

Radial 
Velocity 

-161 

+13  0 

+  12-5 

+120 

+  9-3 

+19-9 

+37-7 

-  1-9 

Check  Measurement. 
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SESSIONAL  PAPER  No.  25a 

measures  of  93  leonis — (Continued). 
(Comparator  Measures,  Standard  Sky  Plate  3172). 


Region. 

2341. 

2355. 

2381. 

2437. 

2448. 

2481. 

2501. 

Vel. 

Wt 

Vel.  Wt 


Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

+  6-82 
10  07 
3-63 
14-20 

+  11-74 

... 

+19-45 

+  1-37 
+  13-38 
-  9-44 
+  5-81 
+  5-59 
+  6-71 
+  0-86 

i  

22-57 

+42-64 

34-  24 

35-  94 
43-65 

+53-10 

+35-42 
39-66 
38-11 
36-67 

+36  -89 

+18-11 
32-73 
18-15 
31 -OS 
20-35 

+20-46 

6  

I 

10  

21-  40  .  .  . 

22-  99 

16-  88'! ! . 

17-  33j... 
9-69  ... 

+30  -84 
25-65 
23-63 
27-71 

+29-29 

... 

11  



Weighted 
V„ 

v„ 

R.  V.  of  Sun.. 

+  9-29 
+  -24 
-  -09 
+  -26 

+17-59 

-  1-72 

-  -04 
+  -26 

+27 -6S 
-  3  09 
-  .02 
+  -26 

+40-67 
-  9-S1 
+  -04 
+  -26 

+37-61 
-10-74 
-  -06 
+  -26 

+23-48 
-1419 
-  -04 
+  -26 

+  3-47 
-20-25, 
-  -23 
+  -26 

Radial 
Velocity... . 

+  9-7 

+16-1 

+24-8 

+31-2 

+27-1 

+  9-5 

-16-8 

measures  of  93  leonis — (Continued). 
(Comparator  Measures,  Standard  Sky  Plate  3172). 


Region. 

2509. 

2521. 

2528. 

2536. 

254S. 

2562. 

2582. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4  

+10-27 
6-56 
2-77 
9-07 

+  1-75 

-  918 

-  9-84 

-  8-81 

-  4-23 
+  0-93 

+28-77 

26-  50 
28-58 

27-  59 
+28-52 

5  

6  

7  

8  

9  

+11-81 
+11-33 
+  6-65 
-11-41 
-  7-27 

+  0-26 

-  7-1S 

-  4-23 

+  8-38 
+  2-80 

+49-86 

42-  18 

43-  32 
38-18 

44-  16 
+45-77 

+45-92 
41-80 
46-22 
51-80 
50-09 
53-31 

10  

ii  

+  4-16 
+  0-80 

+49-92 

12  

Weighted 

Mean  

V. 
Vd 

R.V.  of  Sun... 

+  6-34 
-19-90 
-  -14 
+  -26 

-  6-06 
-20-87 

-  -23 
+  -26 

+  1-70 
-21-51 
-  -14 
+  -26 

+  0-03 
-22-59 
-  -07 
+  -26 

+44-17 
-27-09 
-  -13 
+  -26 

+48-70 
-2S-41 
-  -21 
+  -26 

+27-99 
-26-97 
-  -27 
+  -26 

Radial 
Velocity. . .  j  — 13-7 

-26-9 

(  —  19-7 

-22-4 

+  17-2 

+20-3 

+  1-0 

2  18 
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i  GEORGE  V.,  A.  191} 

measures  of  93  leonis  —  (Continued). 


(Comparator  Measures,  Standard  Sky  Plate  3172). 


Region. 

2586. 

2595. 

2633. 

2637. 

2645. 

2665. 

2700. 

-i 

Vel. 

Wt 

Vel. 

Wt 

Vel.  Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

4  

+  13-51 
16-37 
25-65 
18-86 
14-35 
16-91 

+  16-83 

+11-81 
8-81 

11-  74 
10-71 

12-  30 
10-23 
1300 

+10-81 

-16  03... 
19  02  . . 
13-85  . . . 
5-81  ... 

4-  42  ... 
12-30  ... 

5-  17  ... 

6-  97  ... 

-  5-75 

-  3-67 
+  0-63 

-  1-45 

-  7-22 

-  5-59 

-  7-75 

-  9  05 

... 

-  2  06 
12-86 
604 
3-87 
10- 13 
8-94 
-1400 

5  

6  

7  

8  

9  

10  

+  4-59;... 
7-30... 

1-  81  ... 

3-  26  ... 
5-59  ... 

4-  85  ... 

2-  39]... 
+  4-00  . . . 

+  16-40 
31-21 
30-85 
35  00 

+  1901 

11  

Weighted 

V. 

V,, 

R.V.  of  Sun.  . . 

+17-76 
-27-30 
-  -21 
+  -26 

+11-44 
-26-44 
-  -23 
+  -26 

+  4-22 
-24-84 
,  -  -28 
+  -26 

-  9-92 
-24-35 

-  -27 
+  -26 

-  4-98 
-23-26 

-  -28 
+  -26 

-  8-27     !  +29-92 
-21-35  -16-92 

-  -28     !  -  -29 
+    -26      +  -26 

Radial 

Velocity. . . 

-  9-5 

-150 

i  -20-6 

-34-5 

-28-3 

-29-6  ,+130 

measures  of  93  LEONis  —(Continued). 
(Comparator  Measures,  Standard  Sky  Plate  3172). 


Region. 

2929. 

3116. 

3140. 

3162. 

3199. 

3249. 

3257. 

Vel. 

Wt 

Vel.  Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4  

+  1-64 

3-  28 

4-  41 
3-39 
3-72 
6-37 
1-40 
416 

+  601 

... 

... 

+18-08  ... 
15  09  ... 

7-301... 

6  05... 
+  8-38  ... 

-10-00  . . . 

14  04  . 

20- 14  ... 

22  02  ... 

17-23 .... 
-13-64 .... 

-40-83 



-5  

40-41 

39-03 

-10-23 
7-55 

-  4-66 

-  0-97 
+  2-50 
+  112 

-  3-23 

-  4- 16 

-  2-50 

>6  

-30-85 
42- 11 
36-67 
42-26 
42-22 

-41-81 

42-11  ... 
35-85  . . . 
40  02  .  . . 
34-68  ... 
-37-23  .:. 

11-491... 
14-55  ... 
11-74  .  .  . 
13-78  ... 
16-12  . 

1 

9  

10  

11  



12  



-16-52 

Weighted 

1 

+  3-95     i  +10-45 
+21-75  +22-33 
+    -30     1  -  -14 
+    -26      +  -26 

-15-92 
+  19-49 
-  04 
+  -26 

-38-51 
+  17-20 
+  11 
+  -26 

-39  06 
+  9-18 
+  06 
+  -26 

-12-75 
+  4-34 
+  -06 
+  -26 

-  1-69 
+  3-36 

-  03 
+  -26 

V. 

v„ 

R.V.  of  Sun... 

Radial 
Velocity  

+26-3 

+32-9 

+  3-8 

-20-9 

-29-6 

-  81 

+  1-9 
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SESSIONAL  PAPER  No.  25a 

measures  of  93  leonis — (Continued). 


(Comparator  Measures,  Standard  Sky  Plate  3172). 


Region. 

3271 . 

3297. 

3322. 

3342. 

3365. 

3379. 

3387. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  'wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4  

+  1-37 
+  1-57 

-  0-63 

-  2-42 
±  0  00 

-  112 

-  0-54 
+  1-87 

-  4-80 

+  11-37 

10-  50 

11-  58 
9-32 

13-73 
13-97 
6-25 
10-61 
+  5-00 

'. '. '. 

4-  1-IO 

5  

... 

+20-99 

34-  24 
32-06 
35  15 

35-  01 
29-83 
24-96 
24  02 
24-56 

+28-06 

—  fi-sn 

6  

7  

8  

9  

10  

11  

12  

::: 

+20-40 

16-  34 
13-39 
19-79 

17-  45 
17-47 

+  16-72 

+  4-41 
15-12 
12-80 
20-68 
20-46 
18-93 

+22-22 

+34-87 
35-69 
24-21 
34-43 
16-69 
28-08 
3103 

+  6-55 

-  0-24 
+  7-92 

-  112 
+  1-61 

-  3-85 

13  

14  

+30-19 

1 

Weighted 

Mean  

V„ 
Vd 

R.V.  of  Sun . . . 

-  0  -52 
+  2-89 
+  -11 

+  17-63 
-  012 
0-00 
+  -26 

+  16-63 
-  1-08 
+  -09 
+  -26 

+29- 19 
-  4-51 
+  09 
+  -26 

+29-40 

-  9-27 

-  09 
+  -26 

+10-26 
-15-33 
-  -02 
+  -26 

+  0-97 
-15-78 
-  -21 

+  -26 

Radial 
Velocity. . . 

+  2-7 

+17-8 

+15-9 

+25  0 

+20-3 

-  4-8 

-14-8 

measures  of  93  leonis — (Continued). 
(Comparator  Measures,  Standard  Sky  Plate  3172). 

Region. 

3396. 

3398. 

3408. 

3420. 

3423. 

3438. 

3442. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  Wt 

1 

4  

-  5-75 

-  0-26 

-  1-01 

-  9-32 
+  0-5S 

-  4-14 

-  1-94 

-  4-99 

-  3-50 
4-  0-48 

-  3-44 

-12-33 

-ii-58 
3-87 
11-S7 
7-27 

5-  60 

6-  45 
-11-71 

V  1  71 
+  15-74 
-10-04 
-12-80 
-  3-58 
-10-45 

+  3-70 
2-36 
0-25 

0-  24 
5-24 

1-  12 
0-86 
8  01 

5-  50 

6-  93 
+  5-11 

5  

6  

7  

8  

9  

10  

+  1312 
8-81 
10 -S9 
15-13 

+  16-43 

+21-91 
19-51 

18-  15 
16-30 

21-  47 

22-  40 

19-  97 
15-82 

+23-11 

+15-74  .  .  . 
16-37  . . . 
2117  ... 
25  03  ... 
21-80  ... 
23- IS 

11  

-  2-68  ... 
-15-01  ... 

-  2-89|... 
-10-22  ... 

+26-52 

12  

13  

14  

Weighted 
V„ 

R.V.ofSun.. 

-  3  03 
-16-52 

-  -14 
+  0-26 

-  6-95 
-18-79 

-  -21 
+  0-26 

-  501 
-21-12 

-  -21 
+  0-26 

+  3-83 
-2317 
-  -21 
+  0-26 

+  12-88 
-23-40 
-  03 
+  0-26 

+20- 11 
-24-65 
-  -20 
+  0-26 

+21-40 
-24-86 
-  -21 
+  0-26 

Radial 

Velocity. . . 

-19-4 

-25-7 

-26  1 

-19-3 

-10-3 

-  4-5 

-  3-4 
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3  GEORGE  V.,  A.  1913 


measures  of  93  leonis — (Continued). 
(Comparator  Measures,  Standard  Sky  Plate  3172). 


Region. 

3441. 

3450. 

3452. 

3459. 

3469. 

3172. 

3474. 

Vel. 

wi 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vol.  iWt 

Vel. 

Wt 

Vel. 

Wt 

4  

+53-43 
51 -S2 
45-32 
5s -ON 
55-52 
43  04 

+49-22 

... 

+3S3fi 

+4110 
45-66 

54  13 
42-96 
44  -00 

55  00 
48-46 
45-97 
45-54 
41-60 

+42-27 

... 

+50-12 
54-77 
42-35 

41-  32 
49- 19 

42-  54 
35-67 
41  si 
46-22 

+49-70 

5  

+31-49 
28-33 

22-  63 

23-  28 
19-57 

+24-77 

43-30 

6  

8  

9  

10  

11  

+36-76 

38-  48 

39-  58 
29-96 

+28-00 

+44-69 
37  •  75 
38-99 
41-92 
45-77 
43  16 
44-54 
3S-81 

+42-92 

56-28 
53-48 
55-29 
46-96 
46-31 
4S-36 
4- 40-0.1 

12  

| 

14  

Weighted 
Mean  

v. 

vd 

R.  V.of  Sun. . 

+24-23 
-25  07 
-  11 
+  0-26 

+34-82 
-25-87 
-  -21 
+  0-26 

+42-32 
-25-26 
-  09 
+  0-26 

+50-92 
-27-20 
-  -30 
+  0-26 

+47-60     1  +46-32 
-27-91     I  -27-99 
-13       -  -14 
+  0-26  +0-26 

+45-67 
-27-99 
-  -12 
+  0-26 

Radial  Vel... 

-  0-7 

+  90 

+  17-2 

+23-7 

+19-8  +18-4 

+  17-S 

measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 

X 

1341. 

1341.* 

1356. 

1381. 

1388. 

139S. 

1498. 

Vel.  jwt 

Vel.  iWt 

Vel. 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4549   

-36-24|  1 

-31-27  2 

-21-43 

1 

3 

-22  03  2 

-10-84 

i 

+10-47 

1 

4481  

+32-92 

1 

4415  

4404  

4352  

-25-96  i 
-40S4  1 

-34  00  1 
-52-86  1 

-28-05 
-25-35 
-11-57 
-25-26 
-21  03 

1 
1 
1 
1 
1 

-3S-94 
-15-62 

-  7-26 

-  5-22 

1 

2 

2 
1 

-25-63 
-25-66 
-  7-78 
-21-30 
-10-23 

i 

2 
1 
2 
2 

-20-35 
-  0-87 
-13-68 
+  15-35 
-14-56 

2 
2 

i 

li 

2 

+31-35  2 
+29-16  2 

4340  

-37-50 

i 

i 

-30- 3S  2 
-42-35  1 

+33-72 

1 

4315  

-37- in 

5 

1 

4271  

-17-16  11 

-16-76  2 

-25  10 

1 

+  8  04 

u 

+24-10 
+37-00 

2 
1 

4260  

-31-00   1  '  -34-42  2 

+  3-25 
-  2-78 

2 
1 

4227  

-22-14  1* 

-37 -9S 
-31-90 
-33-85 
-25-23 

2 
2 
1 

2 

-14-86 
-21-64 

1 
1 

-25  03 

1 

-1611 

2 

4202  

4143  

-28-60;  I 
-22-69  1 
-25-72  1 

-21-46 

1 

4132  

4092  

4102  

-37-58  i 

-1415 

1 

-32-72 

1 

4071  

-23-02  1 
-34-94  1 
-31-79  \ 

4063  

4045  

+23-87 

Weighted 
V„ 

Curv. 

-30  00 
+  7-96 

-  -12 

-  -28 

-32-45 
+  7-96 

-  -12 

-  -28 

-21-18 
+  607 
+  -06 
-  -28 

-IS -42 
+  2-08 

-  16 

-  -28 

-17-25 

-  -37 

-  09 

-  -28 

-  6-28 

-  3-83 

-  16 

-  -28 

+28-98 
-17-81 
+  10 
-  -28 

Radial  Vel... 

-22-4 

-24-2 

-15-3 

-16-8 

-ISO 

-10-5 

+  15-6 

*  Check  measurement. 
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SESSIONAL  PAPER  No.  25a 


measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 


X 

1534. 

1562. 

1599. 

1627. 

2022. 

2062.  2100. 

Vel. 

Wt 

Vel. 

Wt 

Ve!. 

Wt 

Vel. 

Wt 

Vel. 

>>  L 

Vol 

>  ei. 

\  el. 

W  t 

—  18-46 

-  5-68 
+  0-69 
+  4-28 

~I 

% 
1 
2 

4549  

4481  

+  0-60 



2 

+33-35 

2 

+37-68 
+40-63 

1 

+32-39 
+58-35 
+26-35 

1 

i 
s 
1 

-59-28 

4 

-40-26 
-18-38 

1 

2 

i 

4454  

4415  

+12-76 
+  9-39 

2 
3 

+58-19 
+45-32 

1 

2 

+47-39  1 

4401  

4383  

-57-67 

1 
4 

-18-72 

1 
4 

4352  

+11-89 
+  18-16 

2 
2 

+5102 
+48-44 

1 
1 

+  15-88 
+  11-44 
+  8-31 
-  8-59 

i 

3 

1 

1 
3 
1 

4340  

+41-45 
+24-07 

2 
2 

+33-62 
+59-23 

u  —an-sm 

1 
4 
1 
4 

4325  

l 

-38-75 

4271  

+  18-05 
+  2-07 
+  11-03 

2 
1 
1 

+37-30 

x 

3 

-12-98 

1 

4 

4227  

+35-58 

2 

+32-99 

1 
3 

+38  17 
+46-99 

I 
3 

-63-47 

1 
4 

4167  

4143  

-  4-49 

1 

+31-70 

1 

4123  

+28-82 

1 

4102  

+23-87 

1 

-  5-42 

1 
2 

4092  

+  7-58 

Weighted 

Mean  

V, 

v„ 

Curv. 

+  9-71 
-26-28 

-  .09 

-  -28 

+36-56 
-27-80 

-  16 

-  -28 

+40-52 
-27-92 

-  -20 

-  -28 

+41-32 
-26-96 

-  -25 

-  -28 

-49-91 
+2S-84 
+  -02 
-  -28 

-24-83 
+27-40 

-  03 

-  -28 

+  1-63 
+25-48 

-  -05 

-  -28 

Radial  Vel. . . 

-16-9 

+  8-3 

+  12-1       [  +  13-8 

-21-3 

+  2-3 

+26 -S 

measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 

X 

2134. 

2231. 

2262. 

2300. 

2341. 

2355. 

2381. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861  

-  5-53 

i 

3 

-19-81 
-40-86 

1 
3 
1 
4 

-26-32 
-52-71 
-3711 
-46- 13 

l 

2 
1 
4 

4 

4549  

-52-35 

1 

3 

+  6-53 
-  7-27 

1 

1 

4 

+  9-20 
+38-14 

1 

5 

i 

2 

4481  

+  301 

1 
i 

+13-26 

i 

3 

4443  

4415  

-16-92 
-24-92 
-14-29 

i 
2 
1 
4 
X 
4 

-49  01 
-27-23 

1 
4 

4 

4404  

4395  

4352  

+  6-88 
+  0-23 

1 
2 
I 
2 

+  .5-84 
+33-50 

i 

1 
2 

+30-80 
+16-67 

1 
3 
I 
2 

4340  

4325  

-  7-24 

1 

5 

-16-80 
-43  09 

1 

1 
4 

-24-46 

1 
2 

-25-93 

1 
3 

4315  

-  7-65 

1 
3 

-  6-70 

-  3-05 

-  0-77 

-  3-62 

1 

2 
1 
2 

1 

1 

3 

4308  

4271  

-13-69 

1 

I 

-33-33 
-16-52 
-28-05 
-33-25 

1 
3 
I 
2 
1 
2 

1 

-22-78 
-10-69 

1 
4 
1 
4 

-22-78 

1 
4 

+19-16 

1 
2 

4227  

4143  

4102  

-27-82 

1 
4 

-45-24 

x 

2 

+  3  08 

1 

Weighted 
Mean  

v„ 
v„ 

Curv. 

-  3-50 
+23-47 
+  -09 

-  -28 

-25-12 
+15-89 
+  -13 
-  -28 

-32-92 
+13-63 

-  11 

-  -28 

-35-98 
+  7-11 

-  09 

-  -28 

-  017 
+  0-24 

-  09 

-  -28 

+12-99 

-  1-72 

-  04 

-  -28 

+23-70 

-  3  09 

-  -02 

-  -28 

Radial  Vel...  +19-8 

-  9-4 

-19-7 

-29-4 

-  0-3 

+  11-3 

+20-3 
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measures  of  93  leonis — ;  Continued). 
(Micrometer  Measures). 


A 

2437. 

2448. 

2469. 

2481. 

2501. 

2509.  2521. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Vel. 

Wt 

Vel. 

Wt 

4549  

+21-31 
4-18-08 

* 

i 

I 

2 

-  2-80 
+  18-73 
+  13-23 
+  14-45 

-  515 

! 

4 

1 

1 

+  15-32 

X 
4 

+  17-9S 

i 

4481  

+29-30 
+28-54 
+45-66 

i 

+20  00 
+52  19 
+33-29 

l 

4 

\ 

4 

+  15-80 
+26-80 
+  1907 
+  16-58 

1 

1 

1* 

J 

4352  

to  An 

5  +1S-1S 
i  +51-43 

+  2-21 

1 
,2 

+  16-66 
-  7-51 

j 

4 

4325  

4315  

-  3-97 

J 

4271  

+23-85 
+39-29 

i 
5 
l 
f 

+34  07 

1 
4 

+  16-27 
+2S-79 
+10-48 
+25-44 
+28-17 

2 
I 
5 

1 

1 

2 
1 

+  11-10 
+  5-42 
-10-39 

i 

4227  

+4S-87 

4 

... 

+  14-66 

4 

4102  

4063  

4045  

Weighted 

Mean  

V. 

v„ 

Curv. 

+33-33 

-  9-81 
+  -04 

-  -28 

+38-13 
-10-74 

-  06 

-  -28 

+41-24 
-10-27 

-  -28 

-  -28 

+19-66 
-14-19 

-  04 

-  -28 

+  7-01 
-20-25 

-  -23 

-  -28 

+  2-35 
-19-90 

-  14 

-  -28 

+  12-40 
-20-87 

-  -23 

-  -28 

Radial 
Velocity  

+23-3 

+22-7 

+30-4 

+  5-1 

-13-8 

-180 

-  90 

measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 


2528. 

2536. 

2548. 

2562. 

2582. 

2586. 

2595. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

-  7-19 

-  7-52 

J 
4 

4 

+21-85 
+30-32 

1 
4 

1 
2 

+  12-64 

J 

+27-14 

4 

4481  

+15-39 

1 
* 

+31-93 

i 
I 

4395  

4-29-87 

4383  

+32  06 

1 
2 

4-39-51  1 

4352  



+  10-95 
+  8-67 

1 

| 

2 

+43-15 
+39-12 

1 
2 
1 
2 

+62-14 
+51-24 

1 
1 

+32-71 
+  110S 
+42-60 

l 
l 

i 
l 

+44-90 
+  11-08 
+31-40 

1 

i 

5 

1 

+  10-82 
+  16-85 

i 

1 

4340  

4325  

+  4-28 

1 
4 

4300  

+26-56 

1 
4 

4271  

+  9-34 

1 
4 

+  5-82 

I 
2 

+  13-39 

4 
a 

+27-48 
+31-47 
+23-97 

4 

1 
4 

i 

4233  

4227  

-12-32 
-19-50 

1 

-  011 

1 
4 

+29-91 

4 

+44  02 

i 
4 

+17-28 

i 

4216  

2 
1 

4102  

4 

+21-99 

l 
• 

+  16-33 
+27-67 

i 
i 

Weighted 

Mean  

V. 
•  Vd 
Curv. 

-  101 
-21-51 

-  -14 

-  -28 

+1404 

-22-59 

-  07 

-  -28 

+31-30 
-27  09 

-  13 

-  -28 

+51-24 
-28-41 

-  -21 

-  -28 

+23-80 
-26-97 

-  -27 

-  -28 

+28-28 
-27-28 

-  -21 

-  -28 

+21-51 
-26-44 

-  -23 

-  -28 

Radial 

Velocity. . . 

-23  0 

-  8-9 

+  3-8 

+22-3 

-  3-7 

+  0-4 

-  5-5 
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measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 


2604. 

2633. 

2637. 

2645. 

2665. 

2700. 

2929. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

+33-82 

i 

4 

-10-74 
-  6-79 

1 
2 
1 

5 

+  13-94 
+28-07 
+  9-03 
+  10-24 
+  13-62 

i 

+  9-94 

1 

+30-80 

+30-60 

1 
2 

\  +15-97  i 

+  14-23:  1 

—  8-78 
+  18-38 

1 
1 

i  -  0-25 
1  +26-41 
A  +  415 

i\+  9-67'  k 
\  +26-31  ± 

-  2-68 

-  1-87 
+  8-80 

1 
2 
1 
4 

1 

4352  

+12-57 
+  8-54 

1 
2 
1 
4 

-15-71 

2 

1 

2 

4340  

+  11-43     \  -  1-27 

i 

2 
2 

-  5-65 

1 
2 

4325  

+20-67 

+29  OS 

4971 

+24- 14 

4 

-  5-93 

4 

+37-08 

1 
2 

+  7-27 
+19-60 
+  1000 

1 

1 
2 

1 

4227  

+  3-61 
-20-52 

1 

1 

2 

+12-09 

1 

2 

4216  



-  2-29 

4 

4102  

+  6-94 
+19-32 
+  5-79 

1 
2 
1 
2 
1 
4 

4045  

Weighted 
Mean  

+19-84 
-26  12 

-  -28 

-  -28 

+  3-48 
-24-84 

-  -28 

-  -28' 

+  0-43 

-24-35 

-  -27 

-  -28 

+  14-66 
-23-26 

-  -28 

-  -28 

+  11-01 
-21-35 

-  -28 

-  -28 

+  17-12 
-16-92 

-  -29 

-  -28 

+  8-94 
+  21-75 
+  -20 
-  -28 

V„ 

v„ 

Curv. 

Radial 

Velocity . . . 

-  6-9  " 

-22  0 

-24-0 

-  9-2 

-10-9      i  -  0-4 

+  30-6 

measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 

X 

3116. 

3145. 

3162. 

3199. 

3211. 

3249. 

3257. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861  

-39-83 

1 
2 

-43-36 
-  3-47 
-49-11 

1 
2~ 
1 
2 
I 
4 

-  8-671  i 

-16-95 

1 
2 

-16-27 

1 

+  4-13 

-  318 
+  7-22 

-  0-92 

-  7-78 
+  4-06 

1 

4 

1 
2" 
1 
2 

1 

1 
2 
1 
2 

4352  

+21-71 
-  4-40 

1 
2 
1 

5 

4340  

-2S-69 

1 

-28-93 
-34-35 

1 

1 

2" 

-21-52 

1 

-50- 10 

A 

2 

-19-21 

l 

4325  

-27  -48!  A 

-32-981  i 

430S  

-11-98 
-25-21 
-44-20 

1 
2 
1 
2 
1 
4 

4271  

+  011 

•■i 
2 

4216  

-47-37 
-31-12 

4102  

+  8-19 
+  0-09 

I 
2 

1 

-58-65 

1 
4 

1 

-17-24 

l 

+  2-12 

1 
2~ 

4071  

4063  

-35-93 

i 

2 

±  0  00 
-16-91 

i 

4 

1 
2 

-  112 

1 
4 

4045  

-13-51 

2 

Weighted 

Mean  

V. 
Vd 
Curv. 

+  4-29 
+22-33 

-  -14 

-  -28 

-26-33 
+  19-49 

-  -04 

-  -30 

-32  15 
+17-20 
+  -11 
-  -28 

-21  -52 
+  9-18 
+  06 
-  -28 

-35-43 
+  6-81 
+  -14 
-  -28 

-16-56 
+  4-34 
+  -06 
-  -28 

+  0-26 
+  3-36 

-  -03 

-  -28 

Radial 

Velocity . . . 

+26-3 

-  7-2 

-151 

-12-6 

-27-8 

-12-4 

+  3-3 

.'11 
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measures  of  93  LEONls — (Continued). 
(Micrometer  Measures). 


\ 

3271. 

3297. 

3222. 

3342. 

3365. 

3376. 

3379. 

Vel. 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel.  [wt 

4-  8-02  i 
+26-11  i 
-12-23  } 
+  5-OS  k 

+  9-31 

1 

+  7-23 
+  9-60 

i 
i 

+51-78  J 
+23-81  i 
+31-04  J 

+19-00  J 
+  10-26  \ 
+  6-62  J 

4549  

4-  4-80 
-  8-54 

i 

4 

1 
1 

+25- 14 
+  1310 

i 

1 

2 

4481  

-  3-95 
+  13-90 
+22-25 
+23-70 
+  12-24 

l 

4 

1 
4 

i 

2 

1 

J 

4352  

4325  

-  0-58 
+  6- 13 
+  1-14 

1 
5 

1 

1 

2 

+  8-16 
+24-85 

1 
4 

1 

+25-44 
+23-95 
+23-70 

i 

l 

i 

+25  03  J 
4-22-85  1 
+18-04!  J 

+  10-94 
+  1200 

1 
I 

i 

+  14- 10  § 
+  0-23  1 
+  6  06  i 
+  17-36  i 

+22-05 
+21-88 
+  5-96 
+22-42 

1 

4 

* 

1 

i 

4 

4997 

+  16-99 

i 

4102  

-10-97 

1 

2 

-  019 
+25-42 

1 

5 

+  1204 

1 

+21-22  J 

+26-93 

X 

4 

4063  

-  8-39 

-  3-21 

1 
4 

2 

+18-20 

i 

4045  

+i7-3i  i 

+  1-74 

i 

Weighted 

Mean  

V. 
Vd 

Curv. 

-  1-46 
+  2-89 
4-  -11 

-  -28 

+15-43 

-  012 

•00 

-  -28 

+  16-29 

-  1-08 
+  09 

-  -28 

+  17-59 

-  4-51 
+  -09 

-  -28 

+24-95 

-  9-27 

-  -09 

-  -28 

+  16-39 
-13-27 

-  07 

-  -28 

+  10-24 
-15-33 

-  02 

-  -28 

Radial 

Velocity . . . 

t* 

+  1-3 

+  15-0 

+15-0 

+12-9 

+15-3 

+  2-8 

-  5-4 

measures  of  93  leonis — (Continued). 
(Micrometer  Measures). 


3387. 


Vel.  Wt 


3396. 


Vel.  Wt 


33!  is. 


Vel.    Wt    Vel.  Wt 


340S. 


3420. 


3423. 


Vel.    Wt    Vel.  Wt 


343S. 


Vel.  Wt 


+  16-36 


-10-27 
+  3-26 


+  17-S5 
+  S-79 
+25-58!  i 


+  10-36 
+  2-66; 
+10-18 
+  1S-24 
+  7-22 


+21-71 
-  3-68 


+  5-36 
+  11-56 
5-95 
0-77 
+  6-69 
+12-57 


i  + 


+  109 
+  4-19 

-  7-62 

-  9  02 


•1316 


+  12-00 


5-46  J 


4  13 
3-S2 


$  +  4-93 
i  -  1-27 


+  4-65 
+  16-52 


+  7-88 
-15-78 

-  -21 

-  -28 


+  8-40 
-16-52 

-  14 

-  -28 


-  211 
-18-79 

-  -21 

-  -28 


Radial 
Velocity. 


-  8-4 


-  8-5 


-21-4 


-  3-02 
-15-26 

-  8-44 

-  S-01 
+  2-42 

-  4-89 

-  9-95 


h  -  3-63 


1+  9-02 
i+  606 
i'+  9-67 


-  6-09 
-21  •  12 

-  -21 

-  -28 


-27-7 


2  12 


i  -  2-18 

.  .  +  0-93 

1  +  5-43 

i  +  0-57 

Jl  

..  +  2-87 


\  +22  SO 
i  +  3-61 
+  405 


i 


i  +  4-92 


i+  9- 


J  -  2-69 
I  +  811, 
+  13-951    ||  4-04 


|  -11-74 

..  -  4-S5 


+  4-72 
-23- 17 

-  -21 

-  -28 


-  0-25 
-23-40 

-  03 

-  -28 


-IS -9         -24  0 


+  7-36 
-24-65 

-  -20 

-  -28 


-17-S 
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measures  of  93  leoxis — (Continued). 
(Micrometer  Measures). 


\ 

3442. 

3447. 

3450. 

3452. 

3459. 

3469.  3472. 

Vel. 

Wt 

V  el. 

w  t 

V  el. 

W  T 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt  Vel. 

Wt 

4S61 

i  on  n  1 
+dU-94 

1 
2 

+44-56 
+42-69 

1 

1 

4549 

+24-34 

1 

2 

+  18-75 

4 

+54-66 

1 

2 

+29-39 
+68-67 
+45-66 
+62-38 

2 
l 
2 
l 

2 
1 
2 

4o°0 

44S1 

+27-86 

1 

+26-84 

1 
4 

+11-70 
+10-S2 
+28-75 

1 
4 
l 
2 

* 

\ 
1 
2 

+36-38 

1 
4 

4415  

+51-92 
+44-21 
+4S-66 
+50-54 

3 
4 
3 
4 
1 
4 
1 
3 

4404  

+  4-95 
+29-49 
+  1S-35 
+  8-11 

i 

1 
2 

1 

1 
2 

+  16-31 
+  6-63 
+  1604 

i 

+  16-67 

+42-01 
+23-87 
+24-25 
+39-60 

i 

1 

1 

x 

1 

2 

+61-73 
+55-29 
+62-43 

i 

i 

2 

4352  

4340  

4325  

1 
4 

1 
2 

+44-35 
+39  12 

+53-31 

T 

4315  

+78-91 

1 

a" 

4271 

+31-94 

+20-29 

1 
5 

+49-14 
+57-24 
+46  05 
+43-73 
+44-74 

l 

2 
1 
5 
l 
2 
1 
2 
1 
2 

4260  

+42-72 

1 

4227  

+22-71 

1 

2 

+29-39 

1 
2 

4143  

+39-46 

i 

+34-37 
+39-77 

1 

2" 
l 
2 

+61-44 

l 
2 

+41-28 
+52-00 

1 
1 

4071  

4063  

+37-68 

1 
2 

+48-73 

1 
4 

4045  

1+20-70 

1 

2 

...1. ...... 

Weighted 

Mean  

V. 
V, 

Curv. 

+22-31 
-24-86 

-  -21 

-  -28 

+19-41 
-25  07 

-  11 

-  -28 

+27-91 
-25-87 

-  -21 

-  -28 

+31-42 

-25-26 

-  -09 

-  -28 

+56-35 
-27-20 

-  -30 

-  -28 

+46-00 
-27-91 

-  13 

-  -28 

+49-46 
-27-99 

-  -14 

-  -28 

Radial 

Velocity. . . 

-  30 

-  60 

+  1-6 

+  5-8 

+28-5 

+17-7 

+21-0 

measures  of  93  leonis — (Concluded). 
(Micrometer  Measures). 


\ 

3474. 

3479. 

3494. 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861  

+4S-73  h 
+59-05  i 
+52-15  i 

... 

4549  

+  10-64 
+41 -9S 
+51-10 

i 

4 

i 

4 

1 

3 

4481  

4415  

+  0-37 
+  5-56 
+28-28 

i 

3 
l 

4 
1 
2 

4404  

+43-00  i 
+34-45  i 
+51-241  4 
+59-35  1 
+45 -S4!  | 
+49-541  \ 

4352  

+10-48 
+35-20 

i 

1 

2 

4340  

4271  

-  7-90 

I 

t 

4227  

4102  

Weighted 

+50-17 
-27-99 

-  -12 

-  -28 

+33-67 
-27-81 

-  -27 

-  -28 

+  6-72 
-27  02 

-  -27 

-  -28 

>  

V„ 
V,, 
Curv. 

Radial 

Velocity. . . 

+21-8 

+  5-3 

-20-8 
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SUMMARY  OK  OBSERVATIONS 


Plate  No. 

Julian  Date. 

Phase. 

Velocity. 

Weight 

Residual  M. 

Residual  C. 

1341 

2,417,993-84 

36-29 

-23-6 

6 

-  41 

+  1-5 

1356 

996-73 

39- 18 

-15-3 

4 

+  4-6 

+  12-3 

1381 

8,005-82 

48-27 

-16-8 

4 

+  30 

+  0-8 

1388 

010-77 

53-22 

-15-2 

3 

-  0-7 

+  20 

1398 

017-79 

6104 

-10-5 

3 

-110 

-  2  0 

149s 

049-57 

20-32 

+  8-1 

5 

+  31 

+  130 

1534 

080-57 

51-32 

-16-9 

6 

*  00 

±  00 

1562 

094-59 

6614 

+  8-3 

4 

-  40 

-  0-7 

1599 

105-62 

4-67 

+  12- 1 

3 

-140 

-140 

1627 

117-60 

16-65 

+  140 

5 

+  20 

-  4-7 

2022 

285-98 

41-63 

-21-3 

3 

-  1-5 

2062 

297-89 

53-54 

+  2-3 

2 

+  15-3 

2100 

313-94 

70-39 

4-26-S 

6 

+  6-4 

-  1-5 

2134 

320-83 

4-78 

-+-19-8 

3 

-  40 

+  11-6 

2231 

341-67 

25-62 

-  9-4 

5 

-  40 

+  1-2 

2262 

346-88 

30-83 

-19-7 

2 

-  6-3 

2300 

360-82 

44-77 

-29  0 

3 

-  80 

2341 

374-78 

59-53 

-  0-3 

3 

+  20 

+  8-0 

2355 

378-74 

63-49 

+  11-3 

4 

+  60 

+  61 

23S1 

381-72 

66-47 

+20-3 

3 

+  6-5 

+  8-5 

2437 

395-66 

7-91 

+23-3 

3 

-  0-8 

+  50 

244S 

397-70 

9-95 

+22-7 

3 

+  0-7 

-  2-3 

2469 

398 -So 

1110 

+30-4 

1 

+  9-8 

2481 

405-67 

17-92 

+  51 

5 

-  4-1 

-  2-2 

2.501 

416-76 

29-01 

-13-8 

4 

+  1-6 

-  3-8 

2509 

420-69 

32-94 

-ISO 

2 

-  30 

+  61 

2521 

423-74 

35-99 

-  90 

3 

+100 

+  3-8 

2528 

425=68 

37-93 

-23-0 

4 

-  0-8 

+  5-1 

2536 

430-61 

42-S6 

-  8-9 

2 

+  61 

+  3-6 

2548 

451-60 

64-65 

+  3-8 

4 

-  5-2 

+  4-4 

2562 

467-60 

815 

+22-3 

4 

-  1-5 

-  5-9 

2582 

482-60 

2315 

-  3-7 

o 

-  30 

+  0-5 

25m'. 

4S3-58 

2413 

+  0-4 

2 

+  2-5 

-  7-9 

2595 

486-58 

27  13 

—  5-5 

5 

+  20 

-  6-5 

2604 

488-60 

29  15 

-  6-9 

2 

+  4-5 

2633 

496-58 

37  13 

-  22  0 

3 

+  01 

+  3-8 

2637 

497-57 

38-12 

-240 

3 

-  1-8 

-  9-3 

2645 

501-57 

42  12 

-  9-2 

3 

+130 

-  21 

2665 

508-57 

49  12 

-10-9 

2 

+  8-5 

-  9-6 

2700 

521-57 

62-92 

-  0-3 

2 

-  50 

+  3-7 

2929 

61005 

709 

+30-6 

4 

+  5-5 

-  0-5 

3116 

686-97 

12-42 

+26-3 

3 

+  7-5 

+  110 

3145 

697-87 

23-32 

-  7-2 

4 

-  60 

+  3-5 

3162 

703-77 

29-23 

-15-2 

4 

-  4-4 

-  80 

3199 

721-76 

46-21 

-12-6 

2 

+  8-5 

-  6-3 

3211 

726 -6S 

52  13 

-27-8 

2 

—12-3 

3249 

731-73 

57-98 

-12-4 

4 

-  5-5 

-  5-3 

3257 

733-74 

59-99 

+  3-3 

5 

+  4-8 

-  0-6 

3271 

734-6S 

60-93 

+  1-3 

4 

-  1-2 

-  1-8 

3297 

740-74 

66-99 

+  150 

4 

+  0-5 

+  0-5 

3322 

742-68 

68-93 

+  150 

3 

-  2-8 

-  4-8 

3342 

749-67 

3-42 

+  12-9 

3 

-121 

-  0-5 

3365 

759-73 

13-48 

+15-3 

6 

-  1-8 

+  0-3 

3376 

768-70 

22-45 

+  2-8 

2 

+  2-5 

3379 

773-66 

27-41 

-  5-4 

4 

+  2-5 

+  4-5 

3387 

774-77 

28-52 

-  8-4 

3 

+  1-5 

-  3-5 

3396 

776-72 

30-47 

-  9-4 

4 

+  3-5 

-  3-9 

3398 

7S2-74 

36-49 

-21-4 

3 

+  11 

-  1-7 
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summary  of  observations — (Concluded). 


Iiilion  lloto 
JUliail  Ualc. 

ase. 

V  1  i*w  1 1  i  - 

V  L  lOCl  1$  . 

*V  el  gill 

Vt   j  n       1  .  t  1  1  ■  J  1  AT 

'j™ 
OtUO 

9  41 8  789  •  fiS 

43-43 

—  27.7 

tt 
O 

—    U  •  O 

—  \J'0 

3420 

796 '72 

50-47 

 18  -  9 

5 

—  0-^ 

—  u  o 

3423 

797-59 

51-34 

— 24  -  0 

4 

-  70 

4-  5-9 

3438 

802-72 

57-27 

-17-8 

5 

-10-8 

-  0-2 

3442 

S03-69 

58-24 

-  30 

5 

+  2-0 

-  1-4 

3447 

S04-62 

59-17 

-  60 

4 

-  2-5 

-  1-2 

34.')0 

80S-6S 

63-23 

+  1-6 

2 

-  40 

-  0-8 

3452 

811-58 

66- 13 

+  5-8 

4 

-  6-7 

4-  2-5 

3459 

819-71 

1-76 

4-28-5 

4 

+  5-0 

-  1-9 

3469 

827-57 

9-62 

+  17-7 

4 

-  4-6 

-  5-2 

3472 

831-57 

13-62 

+210 

5 

+  3-5 

-  1-5 

3474 

S32-57 

14-62 

+21-8 

5 

4-  6-3 

-  0-2 

3479 

838-62 

20-67 

4-  5-3 

2 

+  0-7 

3494 

847-58 

29-63 

-20-8 

2 

-  81 

Notes  1.    Phases  are  from  J.  D.  2,418.029.255. 

2.  Weights  are  reckoned  on  standard  10,  5  for  character  of  plate  and  5  for  agreement  in 

measurement  of  lines. 

3.  Residual  M  is  that  from  Micrometer  measurement. 

C  "     "     "  Comparator 


The  seventy-two  observations  were  grouped  into  the  following  normal 
places : — 

Normal  Places 


Julian  Date. 

Phase. 

Velocity. 

Residual, 
O-C. 

Weight. 

1 

2,418,317-48 

37-28 

-20-2 

-012 

3 

2 

515-92 

43  02 

-20-9 

4-1-25 

2 

3 

497-50 

48-93 

-161 

4-3-18 

1-5 

4 

338-54 

52  02 

-17-3 

-1-55 

2 

5 

672-90 

57-74 

-100 

-4  12 

2 

6 

649-39 

6011 

+  1-5 

+2-26 

2 

7 

4S0-61 

64S1 

4-101 

4-0-23 

2-5 

8 

456 -S5 

69- 10 

4-22-9 

4-4-46 

1 

9 

543-96 

4-35 

4-22-0 

-3  13 

2 

10 

556-70 

9-61 

4-22-6 

-001 

2 

11 

804-94 

13-8S 

4-19-1 

4-2-36 

2 

12 

267-14 

18-58 

4-  8-6 

4-0-46 

2 

13 

626-12 

23-27 

-  30 

-205 

1 

14 

554-60 

27-22 

-  7-1 

4-0-94 

2 

15 

601-07 

30  09 

-150 

-2-55 

2 

Dr.  King's  graphic  method  was  then  used  in  determining  the  preliminary 
elements. 

These  were: — 

y   =  -  0.578  km. 

K=  24  km. 

e  =  .1 

*>  =  330° 

T  =  2,418,028.85 

P  =  71.7  days. 

and  2pvu  =  147.1 
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It  was  decided  to  apply  the  method  of  least-squares  to  reduce  this  value  of 
2pw  if  possible.  Observation  equations  were  formed  by  means  of  the  formula  of 
Lehmann-Filhds.* 


OBSERVATION  EQUATIONS 


X 

y 

2 

ft 

ti 

c-o-n 

Weight. 

1000 

-  -S38 

+  -962 

•332 

+  -310 

-0-48 

3 

a 

-  -913 

+  -838 

+ 

•07S 

-  023 

-1-59 

2 

u 

-  -soo 

+  -096 

+ 

•513 

-  -415 

-3-67 

1-5 

u 

-  -656 

-  -402 

+ 

•720 

-  -630 

+0-98 

2 

u 

-  -242 

-1-026 

+ 

•995 

-  -980 

4-3-62 

2 

a 

-  -02-1 

-1010 

+  1 

•044 

-1-075 

-2-66 

2 

N 

+  -437 

-  -383 

+ 

•9S7 

-1-087 

-018 

2-5 

ft 

+  -811 

+  -523 

+ 

•739 

-  -830 

-4  01 

1 

K 

+  10S6 

+  -SS3 

+ 

•006 

-  019 

+3-50 

2 

ft 

+  -954 

-  -023 

•447 

+  -548 

-0-27 

2 

ft 

+  -689 

-  -744 

•748 

+  -818 

-3-14 

2 

ft 

+  -320 

-  -990 

•922 

+  -918 

-1-50 

2 

a 

-  -057 

-  -656 

•940 

+  -871 

+  1-05 

1 

u 

-  -345 

-  121 

•852 

+  -759 

-1-76 

2 

H 

-  -526 

+  -289 

•741 

+  -651 

+1-81 

2 

in  which 

x  =  Sy 

y  =  SK 

z  =  Kbe   =  24  Se 

u  =  K8<o  =  24  5<o 

v  ...  ST  =  2.135  ST 

(1-e'y 


From  the  above  observation  equations  there  result  the  following  normal 
equations:— 

29-000*  -  l-182jr  -  2-673z  +    -426k  -    -436r  -  12-375  =0 

12-975y  -  2-954^  -    -632u  +    -715»  +    3-205  =  0 

14-556z  -  2-571k  +  2-620t>  +  5-272=0 

15-57S«  -15-517v  +  4-554=0 

15-601r  -  4-601=0 

The  solution  of  which  gives 

x  =  +  .3791 
y  =  —  .3354 
z  =  -  .4327 
u  =  4-  -4741 
v  =  +  .8652 


Hence  the  corrections 


A.N.  No.  3242. 


Sy  =  +      .379  km. 
SK  =  —      .335  km. 
Se  =  -  .018 
So.  =  +  1M46 
ST  =  +  .405 
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These  results  gave  satisfactory  differences  between  the  residuals  from 
observation  equations  and  the  computed  residuals,  the  highest  difference  being 
.06.     2pi>y  was  reduced  to  137.4. 

The  probable  error  of  a  normal  place  was  found  to  be  =>=  2.5  and  that  of  an 
average  plate — found  by  scaling  residuals  from  the  curve  —  to  be  ±  3.4.  Probable 
errors  of  the  elements  were  also  found  and  are  given  below  together  with  the  final 
values  accepted. 


y  = 

- .  20  km.  ±  .31 

K  = 

23.665  km.  ±  .48 

e  = 

.082  ±  .02 

<0  = 

331M5  ±  0°.72 

T  = 

2,418,029.255  J.D.  ±2.1  days 

P  = 

71 .7  days. 

a  sin  i  = 

23,250,000  km. 

Thinking  the  probable  error  of  a  plate  rather  high  for  this  type  of  star,  it  was 
decided  to  try  measuring  the  plates  with  the  spectro-comparator.  All  the  plates, 
with  the  exception  of  ten  which  were  too  faint  for  this  method,  were  re-measured. 
The  standard  plates  used  were  Nos.  3172  and  3755,  the  former  a  sky  plate  taken 
with  the  new  single-prism  spectrograph  and  the  latter  a  sun  plate  taken  with  the  old. 

The  measures  were  grouped  into  fifteen  normal  places  as  before,  each  plate 
being  placed  in  the  same  normal  place  as  in  the  former  work.  These  places  are  given 
below  with  the  mean  Julian  Day,  the  phase  from  final  T,  the  mean  velocity,  weight 
and  residual  from  final  curve. 


NORMAL  PLACES 


Julian  Day. 

Phase. 

Velocity. 

Weight. 

Residual  O-C. 

1 

2,41S,317-4S 

49-83 

—22-7 

5 

+2-09 

2 

631-43 

55-47 

-26-2 

2 

-011 

3 

497-50 

61-48 

—22-9 

3 

-2-38 

4 

285-08 

64-31 

-14-0 

3 

+  1-75 

5 

672-90 

70-79 

-  3-5 

4 

-2-32 

6 

649-52 

1-76 

+  5-8 

3 

+1-11 

7 

480-61 

6-32 

+17-2 

5 

+2-57 

8 

456-85 

10-22 

+18-5 

2 

-2-82 

9 

543-96 

16-96 

+25-0 

3 

-1-66 

10 

558-42 

21-89 

+24-7 

3 

-0-15 

11 

804-94 

26-43 

+18-9 

3 

-0-30 

12 

190-95 

30-85 

+13-7 

3 

+2-77 

13 

590-48 

36-03 

-  0-4 

2 

+0-22 

14 

562-36 

39-55 

-  8-8 

3 

-0-28 

15 

652-17 

42-60 

-18-4 

3 

-3-65 

These  normal  places  were  plotted  and  the  following  preliminary  elements  were 
obtained  graphically: — ■ 

y  =  0 

K  =  26  km. 

e  =  0 

a;  =  270° 

T  =  2,418,088.405  J.D. 

P  =71.70  days. 
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The  value  of  %pvv  was  computed  and  found  to  be  207.  One  least-squares 
solution  was  applied  to  the  above  elements.  As  seen  above  the  eccentricity  is 
zero.  T  and  <■>  have  been  given  values  for  the  purposes  of  the  solution.  The  value 
of  T  was  taken  as  fixed,  for  with  e  zero  and  «>  270°  it  would  be  impossible  to  obtain 
corrections  to  e,  w  and  T  as  two  of  the  equations  would  be  identical.  Observation 
equations  were  formed  and  normal  equations  found  from  them,  as  follows: — 

47*  +    -my  +  1  0572  +  2-408m  -  9-340  =  0 

21-01Sv  -    -967*  f-    -S00«  -11-476=0 

23-0993  +    -8871*  -  5-108  =  0 

25-9S5u  -10-570  =  0 

The  solution  of  these  equations  gave  the  following  corrections  to  the  elements:— 


&y  = 

+ 

.  17  km. 

8K  = 

+ 

.54  km. 

Se  = 

+ 

.008 

5w  — 

0°.81 

Hence  the  corrected  values  of  the  elements: — 


7 
K 


T 
P 

a  sin  i 


+  .  17  km. 
26.54  km. 
.008 
270°. 81 

2,418,088.405  J.D. 
71 .70  days. 
26,170,000  km. 


These  elements  gave  a  new  value  of  2pm  of  196.  This  is  a  very  small  reduc- 
tion —  about  5%,  —  but  the  excellent  agreement  between  the  residuals,  computed 
and  observation  equations,  showed  that  further  application  of  least-squares  would 

be  useless. 

The  probable  error  of  a  normal  place  and  of  an  average  plate  were  computed 
and  found  to  be  ±  2.85  and  =±=  3.4  respectively.  There  were  three  plates  1498, 
1599  and  2134  which  for  some  unknown  reason  gave  abnormally  high  residuals, 
being  —  14.0,  +  11.6  and  +  13.0  respectively.  If  these  be  omitted  the  probable 
error  of  an  average  plate  becomes  ±  2.87. 

The  probable  errors  of  the  elements  were  also  computed  and  are  attached  to 
the  final  values  in  the  table  below.  The  table  gives  "the  elements  obtained  in  the 
two  ways  of  measurement  with  their  probable  errors. 


Element. 


Micrometer. 


Comparator. 


y  

K  

e  

u>  

T  

P  

a  sin  i  

Probable  error  of  average  plate 

Probable    error    of  average 
normal  place  


-  -20  km  ±  31 
23-665  km  =  -48 
•082        ± -02 
331°15  ±-0°-72 
2,418.029-255  J.D.  ±  21  d. 
71-70  days. 
23.250.000  km. 
±3-5 


=  1-5 


+  •17  km    =  -42 
26  -54  km    =  -62 
•008        =*  02 
270°-81  ±l°-26 
2,418,0SS-405  J.D. 

71-70  days. 
26.170,000  km. 
=3-4 
±2-9* 

±1-4 


Omitting  plates  1498,  1599  and  2134. 
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Judging  from  the  probable  error  of  an  average  plate,  there  is  little  difference  be- 
tween the  two  methods  of  measurement.  There  is  something  to  be  said  in  favour 
of  each.  Underexposed  plates  may  be  measured  by  the  micrometer,  which  would 
not  permit  of  measurement  by  the  comparator.  On  the  other  hand  it  is  impossible 
to  obtain  good  agreement  in  the  velocities  obtained  from  the  various  lines  in  a  spec- 
trum like  that  of  this  star,  and  on  such  a  spectrum  perhaps  the  best  work  can  be 
done  with  the  comparator,  which  enables  the  measurer  to  strike  a  mean  all  along  the 
plate. 

As  regards  the  elements  obtained,  A"  is  the  only  one.  which  shows  a  change 
worthy  of  note.  The  eccentricity  is  very  small  in  both  cases  and  the  differences  in  a 
need  not  be  remarked  upon. 


i  Cygni. 


Seven  plates  of  this  star  were  taken  and  measured.  The  spectrum  shows  the 
hydrogen  lines,  /3,  y,  5  and  e,  and  the  calcium  line  A.  The  magnesium  line  A.  4481 
appears  occasionally  but  is  barely  discernible.  The  lines  are  all  very  broad  and  dif- 
ficult to  measure  accurately,  as  is  shown  by  the  widely  different  velocities  obtained 
from  the  various  lines  on  the  same  plate.  The  star  was  dropped  from  the  observing 
list  here  on  account  of  the  programme  being  so  full  at  that  time.  The  measures 
follow: — 
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MEASURES  OF  l  CYGNI. 


X 

932. 

1718. 

1S04. 

1S04. 

1824. 

1824. 

1839 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

-12 -IS 

1 

-  3-62 

i 
a 

+  1-16 

1 
3 

-33-23 

1 
2 

4481-400 

-  6-79 
-44-37 

-  9-29 

1 
2 

H 
l 

4340-634   

4101-890.  . 

3933-825  

-  2-40 
-19-70 

H 
1 

-  9-60 
-34-46 

1 

i 

3 

+  1-35 
-44-26 

3 
1 
3 

-24-0, 
-31 -2* 
4-  4-9* 

i 
i 

i 

3 

-14-51 
-52-16 
+  5-84 

1 

1 

2 

2 

-  8-87 
+  7-55 

-  4-27 

1 

1 
4 
I 

2 

Weighted 

Mean  

V„ 
Vd 

Curv. 

-26-41 
+  6-44 
+  -03 
-  -28 

-  9-32 
+  507 

-  -16 

-  -28 

-17-89 

-  2-56 

-  -21 

-  -28 

-16-82 

-  2-56 

-  -21 

-  -28 

-18-20 

-  3-41 

-  -18 

-  -28 

-14-84 

-  3-41 

-  -18 

-  -28 

-11-45 

-  4  03 

-  -13 

-  -28 

Radial 

Velocity. .  . 

-20-2 

-  4-7 

-20-9 

-19-9 

-23-1 

-18-7 

-15-9 

measures  of  i  cYONi — (Concluded). 


X 

1845. 

1886. 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861-527  

4304-634 

-17-99]  \ 
-22-34]  1 
+  l-90!  i 
—  19-32  1 

-37-5S 
11-48 
1-21 
33-29 

1 
2 

1 
1 

3 

4101-890 

3933-825 

Weighted 

-16-57 

-  4-24 

-  -05 

-  -28 

-14-37 

-  7-31 

-  -09 

-  -28 

V. 
V, 

Curv. 

Radial 
Velocity...  -21-1 

-22-0 
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J  GEORGE  V.,  A.  1913 


Plate. 

932 
1718 
1S04 
1804 
1S24 


Date. 

July       9  1907 
15  " 

August  20  " 
"      20  " 
24  " 


Vel. 

Plate. 

Date. 

Vel. 

-20-2 

1824 

August       24  1907  

-18-7 

-  4-7 

1S39 

27  "   

-15-9 

-20-9 

1845 

28  "   

—21-1 

-19-9 

1886 

September  14  "   

-220 

-231 

o  OpHIUCHI 

This  star  was  under  observation  during  the  summer  of  1908,  when  twenty-four 
plates  were  taken.  These  were  all  measured  and  considerable  range  was  found  in 
the  velocities  obtained.  The  lines,  however,  are  all  broad  and  it  is  hard  to  get  satis- 
factory agreement  in  the  measurement  of  them.  The  lines  appearing  are  the 
hydrogen  lines  P,  7,  5  and  e,  the  magnesium  line  X  4481,  and  the  calcium  K. 
It  may  be  stated  that  the  magnesium  line  was  measured  in  many  cases  but  does  not 
appear  in  the  measures  following,  for  the  reason  that  it  differed  to  such  a  degree  from 
the  other  lines.  Whether  this  is  a  real  difference  or  an  error  due  to  the  character  of 
the  line  it  is  hard  to  say.  More  plates  will  probably  be  taken  and  an  attempt 
made  to  solve  the  system. 
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3  GEORGE  V.,  A.  1913 

MEASURES  OV  a  OPHIUCHI 


X 

1481. 

1542. 

1542. 

1549. 

1612. 

1612. 

1632. 

Vel.  iWt 

1 

Vel. 

Wi 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861-527 

-13  061  i 

■>1    A'i  1 

-29  00  i 
-26  00  1 
+  8-76  i 

+  6-52 

J 

-  7-25 

1 

3 

+  11-75 

l 

4 

+29- 16 

1 

4481-400 

-il-86 

—  1 1  •  .53 

-  6  03 
+  6-44 

4340-634 
4101-890 
3933-825 

+  2-71 
+  0-87 
+23-21 

1 
1 

1 

a 

9 
1 
4 

+3111 

-  3-30 

1 

1 
3 

+28  08 
-  4  07 

1 
1 

+32-57 
+17-36 

i 
i 

+43  01 
+  13- 10 
+  904 

1 
1 
1 

Weighted 

v. 

Curv. 

-17-79 
+  13-24 
•00 

-  -28 

+  6-14 
+  9-67 

-  -09 

-  -28 

-  917 
+  9-67 

-  -09 

-  -28 

+  18-51 
+  816 

-  12 

-  -28 

+  1200 

-  217 

-  -21 

-  -28 

+  8-27 

-  2- 17 

-  -21 

-  -28 

+23-07 

-  4-92 

-  12 

-  -28 

Radial  Vel 

.  .-  4-8 

+  15-4 

+  01 

+  16-3 

+  9-3 

+  5-6 

+17-7 

measures  OF  o  ophiuchi — (Continued). 


X 

1649. 

1654. 

1688. 

1701. 

1702. 

1715. 

1724. 

Vel. 

Wt 

Vel. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861-527  

+29-16 
+27-35 
+  6-77 
+  17-15 

1 
2 
1 

l 
2 

1 

+2104 
+26-52 
+23-78 
+15-43 

l 

i 

+21-47 
+  16-70 
+34-72 

1 
2 

1 
1 

+24-95 
+  3-96 
-1015 
+  1-72 

i 

3 
1 

? 

I 
3 

+28-58 
+  3-86 
-  113 
+30-56 

i 

3 

1 

1 

3 

+22-49 
+  0-63 
+52-42 
+30-56 

i 

3 
1 
1 
1 
3 

1 

4340-634  

4101-890   

3933-825  

+12-21 
+  1-64 
+20-82 

1 

i 

2 
1 
5 

Weighted 

v. 

v„ 

Curv. 

+  19-51 

-  5-98 

-  -12 

-  -28 

+23-98 

-  7-63 

-  15 

-  -28 

+24-86 
-1100 

-  14 

-  -28 

+  11-72 
-1201 

-  -22 

-  -28 

+  5- 12 
-12-01 

-  -22 

-  -28 

+  1315 
-12-72 

-  -28 

-  -28 

+30-30 
-15-58 

-  02 

-  -28 

Radial  Vel... 

+  131 

+  15-9 

+  13-4 

-  0-8 

-  7-3 

-  01 

+  14-4 
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X 

1752. 

1765. 

1819. 

1819. 

1834. 

1843. 

1854. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861-527  

4340-634 
4101-890 
3933-825    , . 

+34-10 
+  4-17 
+36-30 
+1902 

1 
2 

1 

I 
4 

+25-39 
+35-45 
+.50-84 
+25  02 

1 
3 

1* 

1 
4 

1 

+39-47 
+  13-36 
+53-76 

1 

2 

1 

1 
4 

+13-92 
+  3-54 
+  0-86 
+  19-99 

i 

3 

1 
1 
1 

+14-95 
+30-59 
+1901 
+33-33 

1 
2 

1 

1 
2 
1 

+54-70 
+47-50 
+26-90 
+35-65 

i 

a 

1 

1 

2 

1 

+79-08 
+44-47 
+3107 

i 

1 

i 

4 

r 

Weighted 

Mean  

V. 
Vd 

Curv. 

+  19-61 
-17-72 

-  -19 

-  -28 

+34-95 
-1911 

-  -18 

-  -28 

+26-60 
-22-66 

-  18 

-  -28 

+  8-46 
-22-66 

-  -18 

-  -28 

+25-69 
-23  05 

-  09 

-  -28 

+41-32 
-23  18 

-  12 

-  -28 

+52-45 
-23-49 

-  -21 

-  -28 

Radial  Vel. . . 

+  1-4 

+15-4 

+  3-5 

-14-7 

+  2-3 

+17-7 

+28-5 

measures  of  a  ophiuchi — (Concluded). 


X 

1862. 

1863. 

1884. 

1885. 

1885. 

1890. 

1891. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wl 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861-527 

+21-33 
+42-70 
+22-05 
+38-05 

i 

1 

5 
1 
4 
1 

+  4-35 
+50-73 
+62-49 
+42-69 

2 

1 

i 

3 
1 
3 

+37-00 
+11  17 
+28  03 
+32-13 

a 
? 

3 
1 

3~ 
1 
3 

+26-70 
+56-48 
+65-71 
+32-06 

1 
2 

1 

1 
5 
1 
2 

+23-07 
+  16-18 
+26-90 
+28-38 

i 

3 

1 

1 
3 

1 

+61-66 
+  14-92 
+  8-50 
+13-78 

i 

3 
1 
4 

* 

1 

2 

4340-634 
4101-890 
3933-825 

+62-74 
+67-27 

1 

i 

2 

Weighted 

Mean  

V. 
V, 

Curv. 

+32-31 
-23-58 

-  12 

-  -28 

+42-20 
-23-58 

-  -14 

-  -28 

+27-33 
-24  02 

-  -21 

-  -28 

+47-48 
-24  02 

-  -21 

-  -28 

+64-25 
-24-02 

-  -21 

-  -28 

+23-18 
-21-80 

-  15 

-  -28 

+26-15 
-21-80 

-  15 

-  -28 

Radial  Vel.. . 

+  8-3 

+18-2 

+  2-8 

+230 

+39-7 

+  0-9 

+  3-9 
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SUMMARY  OF  MEASURES  OF  o  OPHIUCHI 


3  GEORGE  V.,  A. 


Date. 


April  13,  1908. 

May  18  "  . 

18  "  . 

■      22  "  . 

June   17  "  . 

17  "  . 

24  '  . 

27  '  . 

1  "  . 

10  ■  . 

13  "  . 

13  ■  . 

15  "  . 

24  "  . 


July 


Vel. 


Plate 
No. 


Date. 


-  4-8 

1752 

July 

31,  190S 

+15-4  | 

1765 

Aug. 

U 

5  • 

+  01 

1819 

24  " 

+  10-3 

u 

24  " 

+  9-3 

1S34 

a 

27  ■ 

+  5-6 

1843 

u 

28  * 

+  17-7 

1S54 

a 

31  " 

+  131 

1862 

Sept. 

■ 

3  « 

+15-9 

1863 

3  « 

+13-4 

1884 

U 

14  " 

-  0-8 

1885 

u 

14  " 

-  7-3 

u 

14  ■ 

-  01 

1S90 

u 

16  f 

+14-4 

1891 

a 

16  ' 

Vel. 


+  1-4 
+  15-4 
+  3-5 
-14 
+  2 
+  17 
+28 
+  8 
+18-2 
+  2-8 
+230 
+39-2 
+  0-9 
+  3-9 


<r  Cassiopeiae 

This  star  was  under  observation  here  during  the  summer  and  fall  of  1909. 
A  number  of  plates  were  taken  and  measured.  The  spectrum  is  of  the  helium 
type — hydrogen,  helium,  the  calcium  K,  and  one  or  two  faint  iron  lines  showing. 
The  lines  are  all  broad  and  ill-defined  and  measures  on  them  are  liable  to  be  greatly 
in  error. 


REPORT  OF  THE  CHIEF  ASTRONOMER 


229 


SESSIONAL  PAPER  No.  25a 


M 
OS 
«! 

a 

H 
PS 


(5 

z 

3 
a 


H  . 

OS  (d 

D  Q 

H  ■< 

3  o; 

03  o 

s  ^ 

g» 

ho 


Ph    O    W     O    CM  Ph 


fa 


CM 

8  5 


N 

CI 

CM 

to 

N 

IN 

IN 

8 

CO 


CO 
CO 


IN 


CM 
CM 


©       iH  © 

CM  CO  CM 
<N  i-H 


O 

6 


>o  00 

■<j<  CO 
(N  *-l 


O 

IN 


o 


"3 


o 

I 

Ph 


SO 

o 
W 


■uoiviung 


■  ^ 
T!  O  O 


Q 


H    H    H    £    ^  t£ 


a 

o 

IN 

00 

CO 

CM 
CM 

m 

O 

o 

CO 

CM 

CM 

IN 

CO 

CM 

CO 

U0 
CO 

8 

Of 

lO 

■># 

8 

CM 
CO 

CO 

3! 

CO 

to 

o 

00 
I— < 

t~ 
1— 1 

g 


t»  O 


CM 
13 


•■BI3UIB3 


rS._  M 

Z  °2 


OS 
■<! 

03 


o 
o 
o 


O 


O 

O0 


as  £1 

CO  o 

00  CI 

CM  CM 


230  DEPARTMENT  OF  THE  INTERIOR 

I  I  •  KORGE  V..  A.  1913 


MEASURES  OF  C  rASSIOPEIAE. 


2660. 

2680. 

2784. 

2839. 

2839. 

2902. 

2902. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

irpi  CO*7 

-88-95 

1 

4 

1 

+  5-77 
+  5-81 

4 
1 

-11-86 
+  2-65 

! 

4471-676  

-60-90 

l 
« 

-50-69 
-45-87 

4 

4 

-54-23 

— IS -GO 
— 24  •  98 

1 

4 

-45-44 
-31-31 

1 

i 

4 

4404-927  

4388- 100.  .  . 

-75-34 

l 

4 

1 

+  2-27 
-15-46 

1* 

4340-634 

-26  08 

-27-35 

l 

-  6-46 

4 

+10-96 

i 

+  4-51 

4 

+  1-50 
-45-99 
-29-75 

1 
4 

i 

4 

1 
4 

4282-722  

4143-928  

-30- 12  | 

-65-20 
-33  03 
-19-68 
-60  01 

l 

4 

4 

—  17-41 

1 
4 

4121-016 

-39-63  h 
-25-63  1 
-53-34  1 
-40-36  i 
-34-03,  \ 

4101-890   

-30-62 
-69  02 

4 

4 

i 

-1507 
-  5-76 

4 

4 

-10-75 

i 

4026-352  

4009-417 

-54-74 
-  7  06 

"i 

l 

4 

-  7-83 

1 
4 

3933-825  

-46-29 

1 
« 

-  3-i5 

1 
2 

-13-23 

i 

-  2-49 

1 
4 

1 

Weighted 

-38-30 
+17-20 
+  10 
-  -28 

-40-34 
+18-78 
+  07 
-  -28 

-33-56 
+  1708 
+  -17 
-  -28 

-  315 
+  8-34 

•00 

-  -28 

-  4-45 
+  8-34 

•00 

-  -28 

-28-59 
+  0-23 

-  08 

-  -28 

-29-92 
+  0-23 

-  OS 

-  -28 

V. 
V„ 
Curv. 

Radial 

Velocity. . . 

-21-3 

-21-8 

-16-6 

+  4-9 

+  3-6 

-28-7 

-30  0 

measures  of  a  cassiopeiae — (Concluded). 

\ 

3009. 

3521. 

3527. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4481-400 

-2102 
-22-65 
-17-33 
-39-30 
-19-47 

4 
i 

I 

4 

1 

1 
4 

4471-676   



4404-927 



+17-79 
-  1-85 

1 

4 

X 

I 

4340-634  

-34-97 

4 

4250-616  

4143-928 

+  17-40 
-11-23 
+  6-85 
-26-56 

l 
2 
1 

+1511 
+32-26 

1 

a 

4 

4101-890 

4026-352 

? 



3933-825  

1 

-44-43 

u 





Weighted 

-25-34 
-1311 

-  12 

-  -28 

-12-63 
+  18-78 
+  -14 
-  -28 

-44-43* 
+  18-88 
+  -18 
-  -28 

V. 

vd 

Curv. 

Radial 

Velocity. . . 

-38-8 

-i-  fi.n 

—9S.fi 

*  Last  line  only. 
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Plate 
No. 


2660 
2680 
2784 
2839 


Date. 


July    14,  1909 
"27  " 
Sept.  14 

Oct.     4  " 

4 


Vel. 

Plate 
No. 

Date. 

Vel. 

-21-3 
-21 -8 
-16-6 
+  4-9 
+  3-6 

2902 

3009 
3521 
3527 

Oct.  20,  1909   

"     20  «   

Dec.  2  "   

July  11,  1910  

"     13  "   

-28-7 
-300 
-38-8 
+  60 
-25-6* 

9  Camelopardalis. 

Four  plates  of  this  star  were  taken  and  measured  here  in  the  autumn  of  1909. 
The  spectrum  shows  quite  a  large  number  of  lines  due  to  hydrogen,  helium  and 
calcium,  and  a  few  faint  ones  due  to  iron,  together  with  the  lines  AA  4096  and 
4089.  The  interesting  thing  about  the  star  is  the  fact  that  the  calcium  lines  H 
and  K  show  velocities  different  from  the  other  lines.  Observations  were  being 
taken  of  this  star  at  the  Yerkes  Observatory,  and  our  measures  of  it  were  sent  to 
them  and  consequently  it  was  dropped  from  our  list. 


*  One  line — K. 
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MEASURES  OF  9  C.»  MELOPARDALIS 


X 

2805. 

2842. 

2874. 

2874. 

2875. 

2875. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel.  Iwt. 

BB1-527  

i 

2 

-17 
-21 

-57 
+18 

4 

3 
4 

-16 
-19 

i 

i 

a 

-40 
-20 

3 
4 
3 
4 

4471-676  

4437-718  

+23-6 

+15 
-14 

1 

l 

4 

4388  100  

+14-0 
+12 

1 

4 

1 

... 

1 

a 

A 
a 

i 

l 
a 

4340-634  

4143-928  

+16 
+34 
-19 
+29 
+48 

-  5 
+25 

-  5 
-23 
-14 

1 

i 

1 

4 

2 

2 

i 

i 
I 

i 

-  8 

1 

+20 

i 

-  1 

i 

-  3 

1 

4116-4  

-13 
-21 
+24 
-24 
-21 

-31 

-23 

1 
4 

1 

-18 
+12 

l 

4 
1 

a 

4101  S90  

4096-9  

+19 

i 

+25 

1 
4 

4089- 1  

4026-352  

-15 
-  8 
+  13 
-25 
-13 

1 

i 
i 
5 
1 
a 

1 

U 

-23 
-21 

i 

-24 

A 

4 

-40 

4 

3970- 177  

+17 
-30 
-21 

i 

l 

3968-625  

3933-825  

-28 
-27 

-25  i 
-18  li 

-30 
-23 

1* 

n 

♦Weighted  Mean.. 

V. 

v., 

Curv 

-27-50 
+21-28 
+  -10 
-  -28 

-17-60 
+19-95 
+  10 
-  -28 

-17-60 
+19-35 
+  -04 
-  -28 

-20-80 
+  19-35 
+  -04 
-  -28 

-26-40 
+  19-35 
+  -04 
-  -28 

-26-50 
+19-35 
+  -04 
-  -28 

Radial  Velocity. . .  -  6-4         +2-2         +1-5         -  1-7         -  7-3         -  7-4 


SUMMARY  OF  MEASURES  OF  9  CAMELOPARDALIS 


Plate. 


Date. 


Vel.  Plate. 


Date. 


Vel. 


2S05     September  20,  1909.    -  6-4       2874      October  8,  1909 

2842    '  October      4      "   j    +2-2    I   2875        «  8 

2874        "  8    +1-5         "  "         8  " 


*  Last  two  lines  only. 
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APPENDIX  C. 


THE  ORBIT  OF  «  URSAE  MAJORIS.    MEASURES  OF  £  AQUILAE  AND 

vCYGNI. 


T.  H.  Parker,  M.A. 


The  Orbit  of  <*>  Ursae  Majoris. 


The  star  m  Ursae  Majoris  (a  =  10*  48m,  6  =  +  43°  43  ',  phot,  mag.  4.8)  was 
announced  as  a  spectroscopic  binary  by  Vogel  in  1903.*  It  was  included  in  a  list 
of  528  stars  whose  spectra  were  investigated  by  Vogel  and  YVilsing  at  Potsdam. 
Vogel  states  that  on  one  plate  he  found  an  indication  of  the  doubling  of  the  K  line, 
and  the  Mg  line  X  4481  doubled  on  one  or  two  others. 

It  was  first  observed  here  in  Feb.  1908  and  since  then  sixty-nine  spectrograms 
have  been  obtained — fifteen  with  the  old,  anil  the  remainder  with  the  new  single- 
prism  spectrograph.  This  star  is  an  A  type,  according  to  the  Harvard  classifica- 
tion, the  principal  lines  measured  being  the  Mg  X  4481,  the  hydrogen  series  and  A'. 
Only  three  of  the  plates  obtained  here  show  definite  double  lines.  This  is  probably 
due  to  the  faintness  of  the  secondary  component,  whose  mass  as  seen  later  is  only 
about  one-sixth  that  of  the  primary,  as  well  as  to  insufficient  dispersion  in  separating 
the  two  spectra.  The  length  of  exposure  required  for  a  star  of  this  magnitude 
forbade  the  use  of  the  three-prism  instrument.  On  this  account  also  Seed  27 
plates  were  used  for  the  majority  of  the  spectrograms.  Six  were  taken,  however,  on 
Seed  23,  and  the  finer  grain  gave  a  much  better  spectrum.  The  average  length 
of  exposure  required  for  these  was  90  minutes.  The  blending  of  the  lines  of  the 
two  spectra  made  the  measurement  of  the  plates  rather  unsatisfactory.  In  on 
plate  in  which  the  lines  were  separated,  those  which  showed  doubling  were  the  Mg 
line  X  4481  and  the  two  iron  lines  X  4325  and  X  4308.  In  another,  the  lines  X  4308 
and  X  4101  {Hs)  were  found  to  be  doubled,  with  faint  indications  also  of  a  secondary 
spectrum  in  iron  lines  X4549,  X  4325  and  X  4260.  In  the  third  plate,  only  X  4308 
was  measurable.  No  trace  of  a  doubling  of  the  K  line  was  found  on  any  of  our  plates. 

The  lines  measured  were  as  follows:  — 


Elements. 


No.  of  times  measured. 


Bp  

Fe  

Mg.... 

"y  

Fe  

Fe  

Si  

Hi  

Co  (K) 


4861-527 
4549-766 
4481-400 
4340-634 
4325-939 
4233-328 
4128-211 
4101-890 
3933 -S25 


12 
46 

69 
58 
5 
7 
9 
33 
39 


*  Astronomische  Nachrichten,  163,  p. 145,  1903. 
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The  hydrogen  lines  with  the  exception  of  are  broad  and  diffuse.  The  Mg 
K  4481  is  the  best  line  in  the  spectrum  and  was  measured  on  every  plate,  as  will  be 
seen  in  the  table  above.  Metallic  lines  other  than  Mg  A  4481,  Fe  a  4549  and  AT 
do  not  occur  frequently.  A<  different  lines  on  the  same  plate  in  many  cases  gave 
widely  differing  velocities,  the  determination  of  the  period  offered  some  difficulty. 
Several  such  plates  were  re-measured  or  'checked'  by  other  observers,  and  the  re- 
sulting means  taken.  These  measures  were  usually  in  fair  agreement.  From  the 
consideration  of  the  velocities  of  the  Mg  line  alone,  the  period  was  found  to  be  be- 
tween fifteen  and  sixteen  days.  Several  trials  using  the  velocities  of  whole  plates 
gave  15.84  days  as  the  most  satisfactory  period. 

Following  is  the  record  of  observations  and  detailed  measures  of  the  plates,  and 
this  is  followed  by  a  summary  of  the  measures  containing  the  velocities  and  the 
phases  and  residuals  from  the  final  elements. 
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MEASURES  OF  u  UKSAE  MAJOKIS 


X 

1340. 

1340.* 

1386.  1386.* 

1489. 

1489.* 

1 499 
Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt  Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4549  

+  0-48 

-  4-26 
-17-23 

-  9-45 
+  4-43 
-1319 

I 

U 
1 

1 

a 

i 

-  819 

-  9-65 
-16-81 

i 

3 

2 
1 

4481  

t'l  HI 

-  6-56 
-1201 

-16-93 
-16-63 

1 1 

u 

-12-43 
-13-78 

1 

4 

-14-27 
-19-94 

n 

H 

-12-72 
-15-45 

i 

l 

+  17-26 

2 

4233  

4128  

4101  

1 
1 

-17-88 
-23-74 

l 

2 

-23-93 
-33-56 

l 

2 

3933  



Weighted 

Mean  

V. 
V,, 

Curv. 

-  7-76 

-  2-79 

-  10 

-  -28 

-11-48 

-  2-79 

-  10 

-12-28 
-11-33 

-  03 

-  -28 

-12-89 
-11-33 

-  03 

-  -28 

-19-44 
-21-45 

-  -15 

-  -28 

-23-84 
-21-45 

-  15 

-  -28 

+  17-26 
-21-82 

-  01 

-  -28 

Radial 

Velocity. . . 

-10-9 

-14-6 

-23-9 

-24-5 

-41-3 

-45-8 

-4-8 

measures  of  u  ursa e  majoris — (Continued). 

X 

1499.* 

1537. 

1537.* 

1579. 

1579.* 

1637. 

2021. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861  

-1509 
-15S9 
+  10-13 
+  0-52 
-19-38 
-  4  04 

l 
3 

2 

i 
a 

1 
1 

-19-88 
-15-29 
+  1415 
-  6-68 

1 
3 
1 
4 

1 

i 

4 

4549  

+  2-95 
-  3-90 

1 

2 

-61-28 
-61-31 

1 

1 

4481  

4340  

+14-85 

i 

+  4-60 

2 

+  7-13 

n 

4233  

3933  

-  0-52 

"J 

Weighted 

Mean  

V. 
Vd 

Curv. . 

+14-85 
-21-82 

-  -01 

-  -28 

+  4-60 
-24-63 

-  17 

-  -28 

+  713 

-24-63 

-  -17 

-  -28 

-  3-35 
-23- 18 

-  -22 

-  -28 

-  0-68 
-23-18 

-  -22 

-  -28 

-  1-62 
-20- 18 

-  -21 

-  -28 

-61-30 
+23-29 

-  03 

-  -28 

Radial 

Velocity. . 

-  7-2 

-20-5 

-17-9 

-270 

-24-4 

• 

-22-3 

-38-3 

'  Check  measurement. 
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measures  of  w  URSAE  majoris — (Continued). 


X 

2037. 

2063. 

2099. 

2232. 

2259. 

2299. 

2321. 

Vel. 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4861  

1 

-55-83  I 
-73-87  \ 
-42-77  2 
-40-76  1 
-57-20  h 
-52-54  U 
i 

-47-27 
-36-61 
-29-30 
-54  09 
-41-33 

.  . 
1 

n 
i 

i 

2 

1 

-22-89 
-19-34 
-17-74 
-16-48 
-22  14 
-  6  03 

i 

2 

■J 

2 
1 

1 
2 

1 

-11-77 
-46-31 
-21-30 
-14-33 
-26-60 
-21-61 

1 

5 
i 

2 

1 
1 

l 

5 

2 

+1S-74 
+  5-91 
+  8-89 
+13-40 

1 
1 

i 

2 

4549  

4481  

4340  

-23-82 
-21-11 
-26-76 

1 

u 

1 

-18-44 
-28-43 

i 

1 

4101  

3933  

-30-24 

+  2-71 

1 

Weighted 
Mean  

»  v. 

V,, 

Curv. . 

-24-34 
+21-91 

-  03 

-  -28 

-49-76 
+20-72 

-  03 

-  -28 

-39-97 
+21-61 

-  03 

-  -28 

-1703 
+  4-70 

-  03 

-  -28 

-25-20 
+  2-58 

-  03 

-  -28 

-22-05 

-  3-54 

-  03 

-  -28 

+  8-39 

-  7-36 

-  07 

-  -28 

Radial 

Velocity. . . 

-  2-74 

-29-3 

-18-7 

-12-7 

-22-9 

-26  0 

+  0-7 

measures  of  w  ursae  majoris — (Continued). 


X 

2354. 

2369. 

2411. 

2431. 

2447. 

2466. 

24S0. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4549  

+10-67 
+  19-69 
-  0-40 

1 
1 

1 

-  4-27 
-12-19 

-  5-55 

-  7-70 
+  502 

1 
1 
1 

I 
t 
1 
2 

4481  

4340  

4101  

-15-94 
-28-69 
-30- 14 
-18-39 

} 
1 

1 

-25-43 
-14-89 
-18-20 
-15-22 

H 
i| 
l 
l 

+  0-93 
+  2-54 

1 
1 

+  10S 
-  1-50 
+  1-64 

2 
I 

i 

-  4-33 

-  0-75 

2 
1 

3933  

Weighted 

V. 
V, 
Curv. 

-23-29 
-10-95 
•00 
-  -28 

-18-78 
-11-34 
•00 

-  -28 

+  1-72 
-15-21 

-  -07 

-  -28 

+  1000 
-1600 

-  10 

-  -28 

+  0-42 
-17-54 

-  07 

-  -28 

-  314 
-17-87 

-  19 

-  -28 

-  5-84 
-19-74 

-  03 

-  -28 

Radial 
Velocity. . . 

-34-5 

-30-4 

-13-8 

-6-4 

-17-5 

-21-5 

-26- 1 
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measures  of  u  ursae  m.uoris — {Continued) . 


X 

2494. 

2500 

2508. 

2520. 

2525. 

2535. 

2549. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  ' 

Wt 

4549  

+  10-94 
+26-79 
+  9-49 

1 
1 

3 

-13-34 
-  8-99 
-1017 
-10-50 

i 

1 
1 

1 

+  14-67 
+23-71 
+26-61 

li 
U 

4481 

4340  

4101  

-12-56 
-  6-57 

1 

* 

+21-76 
+28  00 

1 
1 

-26-90 
-21-98 

1 
1 

+17-47 
+  1515 

1 

3 

Weighted 
Mean  

v„ 
v„ 

Curv.. 

-11-36 
-20-72 

-  06 

-  -28 

+24-88 
-22-15 

-  -18 

-  -28 

+16-96 
-22-99 

-  -15 

-  -28 

-10-36 
-23-31 

-  -18 

-  -28 

-24-44 
-23-69 

-  10 

-  -28 

+  16-70 
-23-27 

-  05 

-  -28 

+23  17 
-24-41 

-  19 

-  -28 

Radial 
Velocity.... 

-32-4 

+  2-3 

-  6-4 

1 

-34.X 

-48-5 

-  6-9 

-  1-7 

measures  of  w  ursae  m.uoris — (Continued). 

A 

2549 

* 

2551. 

2552. 

2557. 

2571. 

2583. 

2878. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4549  

+20-11 
+21-28 
+26-36 
+20-31 

i 

1 

4 

J 
1 

1 

i 
* 

+  3-87 
+23-71 

l 
i 

1 

-31-95 

-  9-69 

-  3-01 

i 

l 

i 

-  9-98 
-20- 10 
-15-92 

1 
1 

\ 
1 
4 

-24  01 
-15-44 

i 

J 

-40-36 
—35-53 
-46-12 

1 

3 

1 

j  J 

4481  

4340  

+18-42 
+22-35 

2 
1 

4233  

Weighted 

-Mean  

V. 

v< 

Curv. 

+23-30 
-24-41 

-  -19 

-  -28 

+  19-75 
-24-26 

-  -23 

-  -28 

-13-58 
-23-82 

-  -25 

-  -28 

-15-22 
-23-61 

-  18 

-  -28 

-19-72 
-21-50 

-  -25 

-  -28 

+19-73 
-19-96 

-  -25 

-  -28 

-39-38 
+19-48 
+  -21 
-  -28 

Radial 

Velocity. . . 

-  1-6        -  5-1 

-37-9 

-39-3 

-41-7 

-  0-6 

-200 

*  Check  measurement. 
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SESSIONAL  PAPER  No.  25a 

measures  op  w  ursae  majoris — (Continued). 


X 

2959. 

3112. 

3112.* 

3144. 

3144.* 

3161. 

3198. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

wt 

Vel. 

Wt 

4861  

-40-31 
-31-48 
-48-21 
-33-20 

1 

2 

1 
1 

4549  

-37-80 
-40-83 
-28  -58 
-25-92 

1 
2 

2 
1 

i. 

4 

-14-41 
-13-15 

i 

-11-33 
-14-92 

1 
2 

1 

-33-55 
-47-30 
-30-54 

1 
2 

1 
1 

4481  

4340  

+  8-83 
+  5-24 

1 
1 

-16-21 

4233  

-34-21 
-27-25 
-39-44 

1 
2 
I 
i 
1 

1 

4101  

-48-86 
-38-67 

1 
1 
1 

2 

-31-01 
-39-27 

1 
2 
1 

.  5 

+  9-63 
+  3-33 

1 
2 

3 

3933  

-13-48 

1 

2 

v 

-  S-15 

1 
5 

-16-79 

1 

2 

Weighted 

Mean  »• . 

V„ 
V,, 
Curv. 

-37-78 
+25-23 
+  -15 
-  -28 

-13-72 
+13-22 
+  04 
-  -28 

-12-32 
+13-22 
+  -04 
-  -28 

-36-90 
+  8-83 

-  03 

-  -28 

-37-37 
+  8-83 

-  03 

-  -28 

+  6-85 
+  6-32 
+  -12 
-  -28 

-16-35 

-  1-66 
+  -10 

-  -28 

Radial 
Velocity. . . 

-12-7 

-  0-7 

+  0-7 

-27-8 

-28-8 

+  130 

-18-2 

* 

measures  of  w  ursae  majoris — (Continued). 

X 

3205. 

3212. 

3248. 

3282. 

3321. 

3321.* 

3340. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

wt 

Vel. 

Wt 

Vel. 

Wt 

4549  

-39  09 
-34  07 

1 

1 

2 

-30-68 
-17-23 
-17-59 
-17-86 

1 

2 

1 

1 

1 

+11-72 
-  2-42 
+  5-09 

1 
4 

2 
1 

-27-31 

-  5-73 

-  8-90 

i 

+  9-60 
+  7-08 
+15 -3S 

1 

[? 

4481  

4340  

-31-75 
-34  01 

2 

i 

2 

I  -  9-94 

II  -  9-13 

1 
1 

4325  

4101  

-26  00 

1 
1 

-  -28 
+10-55 

i 

2 

1 

-10-87 
-27-92 

1 
1 

+  7-22 

1 

3933  

-33- 11 

...... 

-24-43 

1 

Weighted 
Mean  

v„ 

Curv. 

-31  10 
-  2-85 
+  -04 

I  -  -28 

i  

-37.95 

-  3-85 
+  -03 

-  -28 

-20- 11 

-  5-97 
+  -06 

-  -28 

+  3-18 

-  7-26 

-  12 

-  -28 

-15-50 
-10-45 
+  -10 
-  -28 

-14-50 
-10-45 
+  -10 
-  -28 

+  9-27 
-14-17 

-  -15 

-  -28 

Radial 

Velocity. . . 

-34-2 



-42-0 

-26-3 

-  4-5 

-26-2 

-25-2 

-  5-3 

*  Check  measurement. 
25a— 16 
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i  GEORGE  V.,  A.  1113 

measures  01  u>  vrsae  majoris — (Continued). 


\ 

3353. 

3357. 

3364. 

33(W 

* 

3375. 

3375.* 

3377. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vol 
\  VI. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

+  4-6.5 

J 

454'.)  

-  2-93 
+  102 
+  2-31 

i 

1 

1 

-22-38 
-11-85 
-10-9S 

i 

i 
l 

4481  

4340  

4233 

-  8-28 
-13-75 

1 

\ 

12-74 
-  8  -79 

2 

M 

+27  39 
+32-71 
+  12  07 

H 
U 
l 

+22  06 
+30  08 

H 
l 

+  4-83 
+  11-08 

1 

U 

4128  

-  0-49 

1 

9 

4101  

+  11-86 
+  18-28 

l 
i 

-  2-97 
-10-99 

i 

1 

3933  

-14-62 

\ 

-  7-72 

i 

-  6-65 

l 

Weighted 

Mean  

V. 
V„ 

Curv. 

+  -20 
-12-39 

-  03 

-  -28 

-10-73 
-14-88 

-  -04 

-  -28 

-10-63 
-16-54 

-  06 

-  -28 

-11-51 
-16-54 

-  06 

-  -28 

+22  06 
-1916 

-  06 

-  -28 

+24  07 
-1916 

-  06 

-  -28 

+  2-52 
-19-70 

-  08 

-  -28 

Radial 
Velocity. . . 

-12-5 

-25-9 

-27-5 

-28-4 

+  2-6 

+  4-6 

|  -17-5 

measures  OF  oi  uhsae  majoris — (Continued). 


\ 

3377.* 

3377.* 

3388. 

3388.* 

3391. 

3391.* 

3395. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

4861  

-27-76 

-  9-46 
-1.5-92 

-  6-24 

i 

4 

5 

2 
1 

4549  

-20-74 
-19-71 
-12-92 

i 
i 

3 

4481  

4340  

+  0-76 
+  0-93 

\ 

1 

-  2-42 

-  2  08 

1 
1 

-  6-25 

-  9-83 

n 
i 

-1910 

i 

-  4-50 

-  2-23 

-  2  03 

-  9-63 

-  7-89 
-10-55 

li 

1 

1 

1 
j 
i 

4101  

-  2-40 

-  3  - 1.5 

i 

U 

3933  

-  2  00 

} 

-21  111 

1 

Weighted 

V. 
Vi 

Curv. 

+  015 
-19-70 

-  -08 

-  -28 

-  2-62 
-19-70 

-  08 

-  -28 

-14-20 
-20-75 

-  -25 

-  -28 

-  714 
-20-75 

-  -25 

-  -28 

-17-80 
-20-95 
■00 

-  -28 

-19- 10 
-20-95 
•00 
-  -28 

-  501 
-21  12 

-  07 

-  -28 

Radial 
Velocity. . . 

-19-9 

-22-7 

-35-5 

-28-3 

-390 

-40-3 

-26-5 

'Check  measurement. 
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SESSIONAL  PAPER  No.  25a 

measures  of  w  ursae  majoris — {Continued) . 


X 

3395.* 

3397. 

3397.* 

3406. 

3407. 

3407.* 

3416. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

'  Vel. 

Wt 

Vel. 

Wt 

4549  

+18-90 
+32-56 
+32- 19 
+31-98 

1 
3 

n 

9 

1 

+25-60 
+26-90 
+27  07 

1 

2 

2 

1 

-  4-S0 
-12-72 

-  4-50 

1 
1 

2 

-  8-65 
-12-59 
+  4-50 

1 

\ 
1 

-  4-66 
-19-08 
+  6-57 

i 

3 

1 
1 

-14-38 
-15-29 
-20- 11 

2 

1 

1 

4481  

-i6-70 
-  9-49 

1 

1 
2 

4340  

4233  

4128  

-  2-55 

* 

-  3- 14 
+  605 
-23- 10 

1 
i 
i 

1 

4101  

+37-44 
+45  12 

i 
1 

+  2-49 
-27-40 

1 
2 
1 
3 

-14-52 
-17-95 

h 

i 

3933  

-25-70 

Weighted 
Mean  

-14-29 
-21-12 

-  -07 

-  -28 

+35-60 
-22-32 

-  -12 

-  -28 

+26-66 
-22-32 

-  12 

-  ^28 

-  8-42 
-21-33 

-  -09 

-  -28 

-  7-55 
-23-41 

-  -12 

-  -28 

-  7-80 
-23-41 

-  -12 

-  -28 

-16-95 
-23-53 

-  07 

-  -28 

V„ 
V„ 
Curv. 

Radial 
Velocity. . . 

-35-8 

+12-9 

+  40 

-30- 1 

-31-3 

-31-6 

-40-8 

measures  of  u  ursae  majoris — (Continued). 

\ 

3422. 

3441. 

3454. 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

4549T:  

+39-56 
+26-12 
+32-45 
+30-40 
+  13-64 
+13-24 
+  11-63 

1 
1 
1 

1 
2 
1 
2 
1 
2 
1 

+  306 
+26-38 
+17-34 

1 

A 

1* 

4481  

-  7-25 

-  8-08 

1 

U 

4340  

4325  

430S  

4271  

4101  

+16-03 
+  1-08 

I 

2 
1 
5 

3933  

+  18-57  1 

1 

-  7 -3a 

i 

Weighted 
Mean  

+25-20 
-24-24 

-  02 

-  -28 

-  7-62 
-24-68 

-  -14 

-  -28 

+  12-05 
-24-63 

-  -19 

-  -28 

V„ 

v„ 

Curv. 

Radial 
Velocity. . . 

+  0-7 

-32-7 

-130 

*Check  measurement. 


-'44 


DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 


measures  OF  u  CRSAF.  majoris — (Continued). 


3866. 

3866.* 

3893.  P 

3893.5 

4094.P 

4094.5 

4182. 

\ 

VeL 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  Wt 

-11-55  i 

-  7-19  i 

-  714  i 
-15-69  I 

4549-766.... 
44S1-400.... 

-25-75 

1 

-23-74  1} 
-  9-31  1 

-56-34 

i 

1 

-10-39 

1 

1 

-12-76 

1 

+58-86 

i 

-54-91 

-10-83 

—  8-36  1 

+80-99 
+117-98 

i 

-44-96 

i 
i 

430S  

1 

-5103 

+  104-32 

-20-77 

} 

4128-211.... 

-  419  i 
-16-39  1 

3933-825.... 

-19-47 

i 

-27-84 

\ 

-1013  § 

Weighted 
Mean  — 
V„ 
V,, 
Curv. 

-19-28 
+22-83 

-  -09 

-  -28 

-15-32 
+22-83 

-  -09 

-  -28 

+93-94 
+20-86 
+  07 
-  -28 

-54-61 
+20-86 
+  07 
-  -28 

+104-32 

-  20-18 

-  -18 

-  -28 

-16-12 
-20-18 

-  -18 

-  -28 

-10-34 
-20-17 

-  -28 

-  -28 

Radial 
Velocity . 

+  3-2 

+  7-2 

+114-6 

-340 

+  83-' 

-36-8 

-31  1 

measures  of  u  ursae  majoris — (Concluded). 


1231. 


1267. 


Vel.    Wt    Vel.  Wt 


Vel.  Wt 


Vel.  Wt 


Vel.  Wt 


Vel.    Wt    Vel.  Wt 


4861  -527  +23  -91    i  - 13  ■  47  i 

4549-766  +  7-59  1  I-  4-92  i 

4481-400  +20-38]  1  -  8-90  1 


4340-634  +  8  09  * 

4128-211  +17-60  1 

3933-825  +  9-97  J 


Weighted 

Mean  

V. 
V,, 
Curv. 


Radial 
Velocity. 


+  14-90 
-22-46 

-  -22 

-  -28 


8-1 


+  2-19  i 
—  i9-71  "j 


-  S-50 
-23-26 

-  -30 

-  -28 


-32-3 


*Check  measurement. 
P — Primary. 
5 — Secondary. 
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SUMMARY  OF  MEASURES 
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TV 
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+  4-7 

3357 
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3-253 

-25-9 

3 

3 

-  4-2 

3364 

759-680 

8-259 

-27-9 

3 

5 

+  4-9 

3375 

768-639 

1-378 

+  8-4 

6 

4 

+  11-2 

3377 

770-666 

3-409 

-20-0 

5 

6 

+  2*9 

3388 

774-817 

7-556 

-33- 1 

5 

5 

-f  0  *  2 

3391 

775-611 

8-350 

-39-8 

3 

4 

-  70 

3395 

776-646 

9-385 

-29-6 

6 

5 

-  0*9 

3397 

782-666 

15-405 

+  9-9 

6 

6 

+  2-5 

3406 

787-625 

4-524 

-29-3 

5 

6 

-  0-2 

3407 

789-627 

6-526 

-31-5 

4 

+  2-0 

3416 

790-594 

7-493 

-40-8 

5 

6 

-  7-1 
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SUMMARY  OF  MEASURES — ( Concl tided). 


Plate. 

Julian  Date. 

Phase  from 
final  T. 

Velocity. 

No.  of 
Lines. 

Wright. 

o-c. 

3422 

3441 
34.->4 

3866 

3893 

4094 

4182 
4231 
4267 

2,418,797-549 

803-639 
811-653 
9.01S-965 

027-880 

106-826 

137-786 

148-700- 

153-771 

14-448 

4-698 
12-712 
14104 

7- 179 

6-925 

6-205 
1-279 
6-350 

+  2-8*1 

-  145-1  / 

-  32-7 

-  130 
+  5-2 
+  114-6* 

-  34  0  / 
+  83-7*\ 

-  36-8  / 

-  311 

-  81 

-  32-3 

5 

3 
5 
6 

3 

4 

5 
6 
5 

6 

5 
4 
2 

4 

3 

5 
4 
3 

+  0-7 

-  2-9 
00 

+  60 

-  0-2 

-  3  1 

+  20 

-  61 
+  0-9 

*  Double  Spectrum. 


The  phases  are  computed  from  the  final  value  of  T,  and  the  residuals  are  scaled 
from  the  corrected  curve.  The  plates  were  grouped  into  seventeen  normal  places, 
according  to  phase,  and  each  weighted  as  in  table  below. 


Normal  Places  First  Solution 


No. 

Julian  Date. 

Phase. 

Velocity. 

Weight. 

Residuals  O-C. 

1 

2,418,393 

130 

1 

210 

+  1 

50 

1 

0 

+4-53 

2 

742 

924 

1 

733 

-  1 

75 

0 

-4-49 

3 

743 

191 

2 

793 

+11 

44 

s 

0 

+1-6S 

4 

419 

903 

4 

224 

_  9 

87 

0 

-3-96 

5 

448 

513 

5 

567 

-13 

22 

2 

5 

+  1-86 

6 

754 

423 

6 

105 

-21 

02 

T 

0 

-1-74 

7 

020 

966 

6 

155 

-19 

24 

i 

5 

+1-30 

8 

770 

127 

7 

S31 

-32 

05 

2 

0 

-2- 19 

9 

349 

629 

8 

623 

-29 

49 

2 

0 

+2-68 

10 

771 

435 

10 

293 

-34 

45 

2 

0 

-0-45 

11 

391 

SSO 

10 

847 

-33 

95 

1 

5 

-013 

12 

746 

13S 

12 

149 

-30 

70 

2 

0 

+1-52 

13 

058 

684 

12 

600 

-35 

40 

5 

-417 

14 

391 

700 

13 

459 

-27 

95 

1 

0 

+0-68 

15 

079 

036 

15 

040 

-18 

90 

5 

+2-82 

16 

476 

591 

14 

S34 

-16 

97 

1 

0 

+4-75 

17 

762 

449 

15 

349 

-16 

90 

1 

5 

+2-23 

A  velocity  curve  was  drawn  through  the  normal  places  by  the  graphical  method 
of  Dr.  King,  giving  the  following  preliminary  elements: — 

P  =    15  .84  days. 

e  =  .30 

o)  =  10° 

K  =       22  km. 

y  =  -  18.50  km. 

T  =  2,417,991.168  J.D. 
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A  least -squares  solution  with  these  elements  gave  the  following  corrections: — 

5P  =  +     .  00008  clays. 

Sy  =  +  0.17  km. 

bK  =  -  2.03  km. 

Se  =  -  .060 

St,  =  +4°.  13 

57'=  +0  .018  days. 

The  value  of  2pw>  was  reduced  from  193  to  137.  On  substitution  in  the  ob- 
servation equations  it  was  found  that  the  computed  and  ephemeris  residuals  did 
not  agree  closely.  A  second  solution  was  accordingly  made.  The  velocities  of  six 
additional  plates  were  included  which  had  been  obtained  after  the  first  solution 
was  made.  The  number  of  normal  places  was  reduced  to  ten  and  the  period  taken 
as  fixed  at  15.8401  days.  The  normal  places  for  the  second  solution  follow.  In 
the  last  column  will  be  found  the  residuals  from  the  final  curve. 


No. 

Julian  Date. 

Phase. 

Velocity. 

Weight. 

Residual. 

1 

2,418,682-660 

1-541 

-  0-44 

3 

-10 

2 

743-191 

2-791 

+  11-45 

1 

+3-9 

3 

568-528 

4-280 

-  2-76 

3 

-1-8 

4 

379  090 

5-464 

-14-59 

3 

-0-8 

5 

450-809 

6-616 

-24  09 

2 

-0-2 

6 

537-746 

8-269 

-30-62 

4 

+0-4 

.7 

740-258 

10- 118 

-34-32 

4-5 

-0-5 

8 

574-889 

12-012 

-32-45 

3 

-0-6 

9 

343-848 

13-460 

-26-61 

1 

+0-5 

10 

536- 191 

15-092 

-17-25 

3 

+  1-1 

The  solution  of  these  gave  as  further  corrections: — 

by  =  +     .51  km. 
bK  =  +     .39  km. 
be   =  +  .024 
b<o  =   -2°.  177 
bT  =  —     .085  days. 

The  definitive  elements  of  the  orbit  now  were: — 

P  =  15.8401  days. 

e  =  .264 

a.  =11°. 95 

K  =20.64  km. 

y  =  -18.45 

T  =  2,417,991.101  J.D. 

The  value  of  Spry  was  reduced  from  43  to  33,  and  the  agreement  between  the 
computed  and  ephemeris  residuals  was  now  satisfactory,  the  greatest  difference 
being  .08  km.  The  table  below  gives  a  summary  of  the  values  of  the  elements  after 
each  solution. 


Element. 

Preliminary  Values. 

First  corrected  Values. 

Final  Values. 

P 

15-84  days. 

15-8401  days. 

15-S401  days. 

e 

•30 

•24 

•264  ±  024 

10° 

14°-13 

ll°-95  ±  5°-57 

K 

22  km. 

20-25  km. 

20-64  ±0-40 

y 

-18-50  km. 

-18-06  km. 

-18-45  ±  0  -32 

T 

2,417,991  168  J.D. 

2,417,991-186  J.D. 

2,417,991-101  J.D.  ±  -208 

a  sin  i 

4,336,000  km. 

'J  is 
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In  the  column  of  final  values  is  also  given  the  probable  error  for  each  element. 
The  probable  error  of  a  normal  place  of  unit  weight  was  ±1.7  km.,  and  that  of  a 
plate  of  average  weight  was  computed  from  the  residuals  scaled  from  the  final 
curve  and  found  to  be  ±  4.1  km. 

Although  there  are  only  three  measures  of  the  secondary  component,  an  approx- 
imation to  the  value  of  A  was  arrived  at  by  substitution  in  the  equation: — 

— =  y  +  K  (cos  u  +  e  cos  <■») 
at 

giving  the  velocity  at  any  point  in  the  orbit.  The  values  of  e,  <•>  and  y  being  known, 
that  of u  was  determined  in  t  he  usual  way  from  the  mean  anomalies  at  the  observed 
velocities.  Successive  trials  of  the  values  of  A  in  the  above  equation  gave  120  km. 
as  the  most  satisfactory.  Hence  a  comparison  of  the  masses  of  the  system  may  be 
had  from  the  relation: — 

flf,  :  Af,  =  A",  :  A,  =  120  : 20.6  =  5.8  : 1. 

It  is  interesting  to  note  that  if  further  measures  of  the  secondary  component 
substantiate  this  value  of  A,  this  proportion  of  the  masses  is  one  of  the  highest 
yet  obtained.  It  is  probably  due  to  the  resulting  faintness  of  the  companion  that 
more  plates  showing  the  double  spectrum  were  not  obtained. 

f  Aquilae. 

This  star  (a=  19"  lm,  5=  +13°  43  ';  mag.  3.3)  was  first  observed  here  in  May, 
1907.  Five  plates  were  taken  in  that  year  and  in  the  following  year  seven  more  were 
obtained.  It  was  one  of  those  which  were  placed  on  the  observing  list  to  measure 
for  variable  velocity.  The  star  is  of  A-type  according  to  Harvard  classification, 
and  the  lines  measured  are  those  of  hydrogen  Hp,  Hy,  and  Hs.  These  are  broader 
again  than  in  the  spectrum  of  v  Cygni.  No  other  lines  were  measurable  on  the 
plates  obtained.  A  summary  of  the  measures  follows.  There  is  a  range  of  (50  km.  in 
the  resulting  velocities,  but  as  an  equal  range  occurs  in  the  measures  of  several  of  the 
individual  plates  not  much  confidence  can  be  placed  in  them.  In  one  of  the  plates 
(1821)  there  were  indications  of  the  lines  being  doubled,  and  these  were  measured 
and  "checked."  As  will  be  seen  from  the  summary,  the  measures  of  the  stronger 
component  in  Hy  and  H&  agree  fairly  well  while  that  of  Hp  differs  widely.  The 
agreement  in  the  secondary  is  not  good.  It  is  probable  that  the  star  is  a  spectro- 
scopic binary,  and  that  the  width  and  diffuseness  of  the  lines  is  due  to  the  blending 
of  the  two  spectra.  As  the  accuracy  of  the  measures  was  a  good  deal  in  doubt, 
further  work  on  this  star  for  the  present  was  discontinued. 
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MEASURES  OF  f  AQUILAE 


805. 

852. 

864. 

947. 

1039. 

1644. 

16N0. 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

m 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

w, 

4861-527 
4340  634 
4101  S90 

-52-38  1 
-29-55  J 
-41-321  i 

-35-55 
-33  09 
-82-81 

1 
1 

-60-36 
-41-34 
-58-42 

I 

\ 

-26-41 
-34-56 

M 

+  9-87 
-37  06 
+  4-25 

1 

1 

li 

-13-50 
-24-53 
-37-58 

i 

3 

i 

-19-73 
-99- 18 
-74-65 

i 
i 

Weighted 

Mean  

V. 
Va 

Curv. 

-44-27 
+1501 

-  03 

-  -28 

-44  02 
+  10-29 
•00 

-  -28 

-49-21 
+  8-08 
•00 
-  -28 

-28-45 

-  2- 14 

-  09 

-  -28 

-  0-76 
-2100 

-  -25 

-  -28 

-23  03 
+  5-46 

-  17 

-  -28 

-68-61 
+  0-72 

-  -22 

-  -28 

Radial 
Velocity. . . 

-29-6 

-340 

-41-4 

-310 

-22-3 

-180 

-68-4 

measures  of  £  AQUILAE—  (Continued). 


\ 

1680.* 

1778. 

1802. 

1821. 

1856. 

1887. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel.  Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

Vel. 

Wt. 

4340 -634  

-15-96 
-41-50 
-54-51 

i 

3 

1 
2 

+  101 

a 
I 

-33-22|  i 
-14-61  i 
+  16-23  i 

-3119 
+  3-86 
+33-50 

1 
a 

| 
* 

+22  •  92 
-28-60 
+24-21 

1 

¥ 
1 

1 

+15-23 
-  5-63 
+33-50 

I 
1 

3 

1 

4101  S90  

-68-48 

i 

Weighted 

V. 
V,, 

Curv. 

-37-32 
+  0-72 

—  -22 

-  -28 

-38-70 
-10-87 

-  -25 

-  -28 

-10-53 
-15-25 

-  -22 

-  -28 

+  2-05 
-16-48 

-  15 

-  -28 

+  1312 
-18-38 

-  22 

-  -28 

+14-36 
__>■_>.  12 

-  .22 

-  -28 

Radial 
Velocity  

-37- 1 

-501 

-26-5 

-14-8 

-16-3 

-  8-2 

*  Check  measurement. 
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measures  of  f  aquilae — (Concluded). 


\ 

1821 *P 

1821*5 

1821  *P 

1821*5 

Vel. 

Wt 

Vel. 

Wt 

Vel. 

Wt 

Vel.  Wt 

Vel. 

Wt 

Vel. 

Wt 

4861-527  

+  44-69 
+  122-04 
+139-75 

i 

i 
s 

1 

-197-19 
-  30-69 
4-  31-33 

i  +  46-87 
i  1+127-58 
i  +139-75 

i 

I 

i 
« 

i 

-180-79  ^ 
-  34-56  J 
+  25-09  J 

4340-634  

4101-890  

1  ° 

Weighted 
Mean  

+127-90 

-  16-48 

-  15 

-  -28 

-10-02 
-16-48 

-  15 

-  -28 

+133-25 

-  16-48 

-  -15 

-  -28 

-  4-74 

-  16-48 

-  -15 

-  -28 

HymdHs  V„ 

v„ 

Curv. 

Radial  Velocity.  . . 

+111-0 

-26-9 

+116-3 

-  21-7 

V  Cygni. 

The  star  v  Cygni  (a  =  20"  53m,  S  =  +  40°  47  ',  phot.  mag.  4.2),  was  placed  on 
the  observing  list  here  in  July,  1907.  Only  one  plate  was  taken  in  that  year.  Six 
more  were  obtained  in  July,  August,  and  September  of  the  following  year  for  the 
purpose  of  discovering  whether  the  star  was  of  variable  velocity.  The  star  is  of 
A  type,  the  lines  measured  —  Hp,Hy.Hd,  and  Mg.  X  4481.  The  lines  measured, 
and  those  of  hydrogen  in  particular,  are  too  broad  and  diffuse  for  accurate  measure- 
ment. Appended  are  the  data  of  the  observations  and  a  summary  of  the  measures. 
As  will  be  seen  from  the  latter  it  is  probable  that  v  Cygni  is  of  variable  velocity 
though  it  is  felt  that  the  results  cannot  be  greatly  depended  upon.  On  this  account 
the  star  was  dropped  from  our  observing  list  for  the  present. 


*  Check  measurement. 
P — Primary. 
5 — Secondary. 
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MEASURES  OF  f  CYGNI 
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* 

Weighted 
Mean. . . 
V, 
V„ 
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-60-67 
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-  -03 

-  -28 

-42-57 
+  7-42 
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-  -28 

-32-09 
+  -15 

-  -19 

-  -28 

-10-47 
+  -15 

-  -19 

-  -28 

-  5-36 
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-  -19 
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-  -28 
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Velocity 
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-57-0 
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*  Check  measurement. 
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APPENDIX  D. 

SOLAR  PHYSICS. 

Ralph  E.  De  Lury,  M.A.,  Ph.D. 

Investigations  with  the  Twenty-three  Foot  Solar  Spectrograph. 

1.  Outline  of  the  Work  done  with  the  Spectrograph. 

A  brief  outline  of  the  work  done  with  the  Solar  Littrow  Spectrograph  during 
t  he  year  ending  March  31 ,  1911,  will  first  be  given,  followed  by  detailed  discussion* 
of  several  points  occurring  in  connection  with  the  work. 

Owing  to  the  poor  qualities  of  the  first  grating  (described  in  the  Report  of  the 
Chief  Astronomer  for  1909,  251-256),  a  new  grating  was  ordered.  This  grat  ingjj 
No.  55,  was  freshly  ruled  by  the  Michelson  engine  at  Chicago  University  and  it 
arrived  here  on  April  15,  1910.  Work  with  the  Solar  Spectrograph  was  im- 
mediately resumed,  Mr.  Plaskett  joining  me  in  it. 

Visual  measurements  of  the  focal  curves  for  the  different  orders  from  both 
sides  of  the  grating  were  made  to  see  if  the  irregularities  which  occurred  in  the  case 
of  the  first  grating  were  present.  The  focal  curves  were  practically  symmetrically 
arranged  about  the  normal,  little  change  in  focus  for  a  given  wave-length  being 
noticed  in  the  different  orders.  Later  photographic  measures  for  certain  wave- 
lengths showed  discrepancies  in  the  focal-lengths  for  different  orders  caused, 
possibly,  by  errors  in  the  spacing  of  the  lines,  and  the  deviations  from  the  visual 
measures  are  probably  due  to  the  fact  that  the  photographic  determinations  were 
made  using  just  that  part  of  the  grating  which  gave  no  astigmatism.  The  visual 
measurements  are  given  below  along  with  those  of  the  first  grating,  and  a  discussion 
of  the  probable  causes  of  the  irregularities  of  the  latter. 

*  Grating  No.  55  possesses  considerable  astigmatism,  but  I  noticed  that  when  the 
upper  half  was  alone  illuminated  the  astigmatism  disappeared.  The  greater  part 
of  this  astigmatism  is  due  to  the  bottom  2  cm.  of  the  ruled  surface.  By  masking 
4  cm.  the  astigmatism  is  nearly  eliminated,  while  cutting  off  5  cm.  removes  it  en- 
tirely. By  masking  5  cm.  off  one,  side  of  the  grating,  the  definition  of  the  spectrum 
lines  produced  is  greatly  improved.  The  grating  which  has  a  ruled  surface  11  cm.  X 
13  cm.  with  nearly  700  rulings  to  1  mm.,  is  thus  masked  down  to  an  area  6  cm.  X 
8  cm.  in  one  corner,  to  give  a  spectrum  of  the  best  definition  and  one  free  from  as- 
tigmatism. Thus  masked,  the  grating  is  so  brilliant  that  it  is  possible  to  photograph 
spectra  of  the  rotation  effect  in  30  seconds,  which  with  the  first  grating  required 
10  or  12  minutes  to  obtain;  the  definition  is  also  much  better  with  the  new  instru- 
ment. As  a  result  the  efficiency  of  the  spectrograph  is  indefinitely  increased, 
and  the  purchase  of  the  new  grating  is  entirely  justified. 

During  April,  May  and  June  the  grating  was  thoroughly  tested  and  numerous 
photographs  were  taken.  The  second  and  third  orders  from  one  side  and  the  first 
order  from  the  other  side  were  found  to  be  particularly  bright.  The  tests  were 
made  chiefly  about  the  region  A  4500  in  the  second  and  third  orders — a  suitable 
wave-length  at  dispersions  sufficient  for  work  on  the  Solar  Rotation.  These  test 
photographs  number  from  L420  to  L475.    From  the  middle  of  June  to  near  the 
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end  of  July,  spectra  of  the  rotation  effect  at  A  4500  in  the  second  and  third  orders 
from  one  side  of  the  grating  were  photographed  (Plates  L476  to  L578).  These 
plates  were  in  the  nature  of  trials,  and  were  made  in  the  face  of  certain  difficulties 
which  I  had  experienced  when  taking  similar  plates  with  the  first  grating.  The 
chief  of  these  was  the  adjustment  of  the  prisms  to  give  the  best  illumination  of 
the  grating.  I  had  constructed  a  temporary  adjustment  consisting  of  adjusting 
screws  working  in  the  thin  brass  envelopes  of  the  prisms  which  rested  on  thin  strips 
of  paper  about  which  they  could  be  tilted.  This  served  the  purpose  only  fairly 
well,  and  I  recommended  the  construction  of  a  more  perfect  apparatus  working  on 
the  same  or  on  the  ball  and  socket  principle.  The  above  series  of  plates  impressed 
on  us  the  necessity  of  attending  carefully  to  this  important  point,  as  well  as  to 
having  a  more  accurately  adjusted  and  convenient  guide-plate  for  the  sun's  ima^a. 
A  more  detailed  description  of  these  rotation  plates  will  be  given  balow  along  with 
measurements  of  some  of  them. 

During  the  few  satisfactory  days  in  the  autumn,  plates  of  the  rotation  were 
taken  in  the  regions  A.  4250  and  a  5600  in  accordance  with  the  recommendations 
of  the  Union  for  Co-operation  in  Solar  Research.  Improvements  were  made  in  the 
spectrograph  along  the  lines  mentioned  above.  A  new  guide-plate  was  made  and 
better  prism  adjustments  were  fitted  to  the  slit-attachment.  Mr.  Plaskett  de- 
vised a  notched  prism  to  replace  the  two  prisms  formerly  used  above  the  slit  to 
reflect  beams  from  one  limb  on  both  sides  of  the  beam  from  the  other  limb. 
This  device  simplified  greatly  the  adjusting  of  the  prisms.  The  scale  for  reading  the 
angles  of  inclination  of  the  grating  was  moved  to  the  top  of  the  spectrograph  where 
they  could  be  more  conveniently  read,  the  vernier-pointer  being  fastened  to  an  arm 
screwed  to  the  back  of  the  grating-mounting.  This  arm  is  bent  up  behind  the  grat- 
ing and  continues  out  through  the  spectrograph  in  the  axis  of  rotation  of  the  grating. 
This  necessitated  a  hole  in  the  box  just  above  the  face  of  the  grating.  This  hole  ad- 
mitted cold  air  currents  to  flow  over  the  face  of  the  grating  and  the  definition  of  the 
spectrum  was  injured,  as  described  below.  To  remedy  this  the  holes  were  plugged 
with  cotton  waste  and  the  end  of  the  spectrograph  was  boxed  in  and  lined  with  felt 
throughout.  Truss  rods  were  added  to  make  the  spectrograph  more  rigid.  The 
spectrograph  as  it  now  appears  is  represented  in  section  in  Figure  10,  the  lettering 
being  the  same  as  used  in  the  description  given  in  the  Report  of  1909,  e.g.,  S,  slit; 
L,  lens;  G,  grating;  C.  photographic  plate-holder;  V,  vernier-pointer;  and  E,  the 
scale  used  with  it  to  read  the  angles  of  inclination  of  the  grating,  etc.;  the  double- 
door,  D',  and  the  felt  and  truss  rods  recently  added  are  also  shown.  During  the 
course  of  the  work  another  difficulty  presented  itself,  namely,  the  atmospheric 
distortion  and  dispersion  of  the  solar  image  during  the  winter  mjnths  when  the 
declination  is  low.  Measurements  of  this  effect  made  on  one  occasion  are  given 
below. 

On  December  13,  1910,  arrived  the  Michelson  grating  No.  43,  (7  cm.  X  16  cm. 
surface  ruled  680  lines  to  1  mm.)  made  famous  by  its  excellent  performance  in  the 
fourth  order  in  the  work  on  the  satellites  of  certain  mercury  lines, (Henry  G.  Gale  and 
Harvey  B.  Lemon,  Astrophysical  Journal,  31,  78-S7).  This  grating  was  tested  and 
carefully' compared  with  grating  No.  55  from  the  point  of  view  of  its  applicability 
to  the  rotation  problem. 

Grating  No.  43  appeared  by  direct  reflection  from  one  side  to  have  two  areas, 
two-fifths  and  three-fifths  of  the  grating  respectively,  of  different  character,  one 
of  these  areas  giving  a  red  the  other  a  blue  reflection,  pointing  to  some  difference 
in  the  rulings.  When  viewed  from  the  other  side,  however,  the  grating  appeared  to  be 
of  uniform  character,  and  the  spectra  taken  from  this  side  were  brighter  and  sharper 
than  those  taken  from  the  other  side,  the  fourth  order  being  particularly  brilliant. 
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The  second  and  third  orders  were  not  so  bright  or  so  sharp  as  those  from  one  side 
of  grating  No.  55,  and  consequently  the  latter  was  chosen  as  the  better  grating  for 
investigating  the  solar  rotation,  though  undoubtedly  grating  43  is  an  excellent  n- 
strunicnt  for  examining  spectrum  detail  such  as  the  investigation  of  the  merci; -y 
lines  mentioned  above.  With  some  regret  this  grating  was  returned.  Work  with 
grating  55  on  the  sun's  rotation  and  related  problems  was  carried  on  through  the 
rest  of  the  winter. 

During  the  year  I  endeavoured  to  determine  three  known  or  suspected  sources 
of  error  in  connection  with  the  investigation  of  the  solar  rotation,  namely,  Sky 
Spectrum,  Personal  Errors  in  Measuring  the  Displacements  of  Spectral  Lines,  and 
Convection  in  the  Sun's  Atmosphere.  These  subjects  are  interesting  and  important 
in  themselves,  but  in  studying  the  sun's  rotation  they  demand  particular  attention 
and  shculd  be  worked  out  simultaneously  with  it.  I  devised  methods  for  studying 
these  subjects  and  they  with  other  points  will  be  discussed  in  detail  in  what  follows. 


2.    Changes  in  Focus  Produced  by  Plane  Gratings. 

Under  the  above  heading  I  published  a  paper  in  the  Journal  of  the  Royal 
Astronomical  Society  of  Canada,  V,  26-32,  discussing  the  changes  in  focus  of  the 
first  grating,  the  measurements  of  which  are  given  in  the  Report  for  1909.  In  that 
paper,  grating  (a)  and  grating  (b)  refer  respectively  to  the  first  grating  and  No.  55 
mentioned  in  the  outline  above.  Subsequent  photographic  determinations  of  the 
foci  for  A  4250  and  A.  5600  in  the  second  and  third  orders  from  the  brighter  side 
of  grating  55  with  all  masked  but  the  6  cm.  X  8  cm.  surface  described  in  the  outline 
above,  showed  differences  greater  than  obtained  visually  from  the  whole  grating, 
but  the  arrangement  seems  to  be,  as  in  the  case  of  the  visual  measures,  symmetrical 
about  the  normal,  and  is  likely  due  to  periodic  errors  in  the  spacing  of  the  lines. 
What  follows  is  quoted  from  the  above  paper: 

"Two  plane  gratings  of  speculum  metal  have  been  tested  in  the  Littrow 
Spectrograph  of  the  Observatory.  One  of  these,  grating  (a) ,  having  a  10  cm.  X  12 
cm.  ruled  surface  and  about  500  rulings  to  1  mm.,  exhibited  peculiarities  in  its  focal 
properties,  produced  poor  spectra  and  lacked  brilliancy  to  a  decided  degree;  the 
definition  of  spectral  lines  produced  by  it  was  greatly  improved  by  masking 
2.5  cm.  or  more  off  each  end  of  the  rulings  and  6  or  7  cm.  off  one  side  of  the  grating 
where  it  was  seen  by  direct  reflection  to  be  of  different  character  from  the  rest  <>f 
the  grating.  It  was  finally  returned  to  the  makers  and  one  of  their  latest  products, 
grating  {b),  having  all  cm.  X  13  cm.  ruled  surface  and  about  700  rulings  to  1  mm., 
was  obtained.  This  grating  showed  nearly  normal  properties  and  proved  to  be  much 
more  brilliant  than  the  first  grating;  and  when  5  cm.  off  one  end  of  the  rulings  and 
about  the  same  off  one  side  of  the  grating  were  masked,  the  definition  of  the  spectral 
lines  became  excellent.  The  peculiar  changes  in  focus  found  in  the  case  of  the  first 
grating  do  not  in  themselves  lessen  its  value,  but  they  are  probably  intimately 
connected  with  its  defects  and  may  possibly  serve  to  indicate  their  cause. 

"The  optical  part  of  the  spectrograph  (see,  Report  of  the  Chief  Astronomer 
for  the  year  ending  March  31,  1909,  p.  251)  consists  of  a  slit,  a  15  cm.  (6  in.)  lens 
placed  at  its  focal  length  (nearly  7  m.,  or  23  ft.)  from  the  slit,  and  a  grating  mounted 
about  18  cm.  back  of  the  lens  in  its  mean  position,  with  its  rulings  parallel  to 
the  slit.  Light  is  directed  through  the  slit  so  as  to  nearly  fill  the  lens,  which  when 
placed  its  focal  length  from  the  slit,  for  the  wave-lengths  under  consideration, 
throws  a  parallel  beam  on  the  grating.  The  grating  diffracts  the  light  back  through 
the  lens  which  focusses  the  spectrum  at  the  slit.    By  tilting  the  grating  forward 
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slightly,  the  spectrum  is  focussed  a  little  below  the  slit  where  it  may  be  conveniently 
photographed  or  examined  with  the  aid  of  an  eye-piece.  To  avoid  light  reflected 
from  the  surfaces  of  the  lens,  it  is  necessary  to  mask  a  strip  across  the  middle  of  the 
lens,  or  better,  to  tilt  the  lens  slightly,  as  suggested  by  Mr.  R.  M.  Stewart.  The 
former  method  was  employed  in  the  measurements  recorded  below,  but  the  latter 
arrangement  has  since  been  adopted:  in  either  case  the  axis  of  the  lens  passed 
through  a  point  midway,  or  a  little  below  midway,  between  the  slit  and  the  place 
where  the  spectrum  was  focussed.  However,  since  the  distance  between  the  slit 
and  the  point  where  the  spectrum  was  focussed  is  only  10  cm.,  it  may  be  assumed 
for  the  purposes  of  this  note  that  the  slit  and  spectrum  are  coincident  on  the  prin- 
cipal axis  of  the  lens. 

"If  the  grating  be  placed  normal  to  the  beam  of  light  it  will  act  as  a  plane 
mirror  and  reflect  back  the  light  through  the  lens  which  will  focus  the  light  of 
different  wave-lengths  at  various  distances  from  the  slit.  By  sliding  the  lens  back 
and  forth  the  different  colored  images  of  the  slit  may  be  focussed  in  turn  at  the  slit, 
employing  suitable  filters  to  cut  off  the  light  of  other  colors.  This  has  been  done 
for  the  colors  admitted  through  the  red,  green  and  blue  filters  of  an  Ives'  tricolor 
outfit,  and  a  'Filtergelb'  screen;  and  the  distances  of  the  lens  from  the  slit,  or  the 
foci,  for  these  colors  have  been  recorded.  If  the  grating  be  turned  about  a  vertical 
axis  to  either  the  left  or  the  right,  the  orders  will  appear  in  succession  from  violet 
to  red.  The  distances  of  the  lens  from  the  slit  necessary  to  focus  the  light  of  the 
different  orders  at  the  slit  have  been  determined  for  the  various  angles  of  turning  of 
the  grating.  All  these  observations  are  plotted  in  Figure  11  for  both  gratings,  (a) 
and  (b).  The  measurements  were  nearly  all  made  visually,  and  individual  observa- 
tions may  be  in  error  from  2  to  6  mm.  The  measurements  for  grating  (a)  were  made 
at  a  temperature  of  about  20°  —  21  °C,  while  those  of  grating  (b)  were  made  at 
about  18°C.  A  few  observations  indicate  that  a  decrease  in  temperature  of  1°  C. 
increases  the  focus  of  the  lens  nearly  1  mm. 

"A  reference  to  Figure  11  shows  that  the  focus  for  any  color  or  wave-length 
varies  progressively  from  order  to  order  of  grating  (a) ,  while  it  remains  nearly  con- 
stant in  the  different  orders  of  grating  (6).  This  will  be  more  apparent  if  it  is  re- 
membered that,  n.  a  =  2.  -  -sin  0,  for  a  Littrow  spectroscope,  n  being  the  order, 

A  the  wave-length  in  10-10  metres,  s  the  number  of  rulings  to  the  mm.  —  500  and 
700  for  gratings  (a)  and  (6)  respectively — and  6  the  angle  of  inclination  of  the  grating 
from  the  normal,  i.e.,  90°  minus  the  'angle  of  grating'  given  in  the  Figure. 

"The  relation  between  change  of  focus  and  wave-length  for  the  different  orders 
of  grating  (a)  is  more  clearly  shown  in  Figure  12,  where  the  wave-lengths  and  focus- 
'scale-readings'  are  the  abscissae  and  ordinates  respectively.  The  'normal'  focaL 
curve  is  not  known  accurately  since  the  average  wave-length  transmitted  by  the 
niters  employed  is  not  known  very  closely  and  the  measurements  of  focus  could  not 
be  made  with  great  accuracy  on  account  of  the  diffraction  fringes;  however,  it  is 
safe  to  assume  that  it  lies  nearly  as  represented  in  Figure  12,  about  midway  between 
the  focal  curves  of  the  two  first  orders.  A  close  inspection  of  these  curves  shows  that, 
within  the  limits  of  the  errors  of  measurement,  the  change  in  focus  is  proportional 
to  the  wave-length  and  to  the  order,  being  negative  when  the  grating  is  turned  to 
the  left,  and  positive  and  of  the  same  magnitude  when  it  is  turned  to  the  right. 
A  fairly  accurate  value  of  the  decrease  or  increase  in  focus  for  any  wave-length  in  any 
order  is  found  by  taking  half  the  difference  between  the  foci  for  the  wave-length 
in  the  right  and  left  focal  curves  of  that  order.  Such  differences  are  given  in  the 
following  table: 

25a— 17 
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I,  R.-I,  L. 

II,  R.-II,  L. 

in,  b.— in,  l. 

IV,  R.-IV,  L. 

4500  

0-6  cm. 

1-7  cm. 

2-7  cm. 

5000  

0-7 

1-7 

2-7 

3-8  cm. 

5500  

0-9 

1-4 

31 

4-4 

6000  

1-0 

1-4 

3-5 

4-9 

6500  

11 

1-7 

3-7 

50 

7000  

1-2 

21 

3-9 

"From  this  table  a  mean  value  of  the  change  in  focus  from  the  normal  of 
*  n.  0.5  cm.  for  say  A  5750  may  be  derived,  and  for  any  wave-length,  X,  the 
change  in  focus, 

d  =  *  n.0.55^Q.  cm. 

Hence,  substituting  the  value  for  n  .  A  mentioned  above,  it  follows  that, 

10'    sin  0 
d=  *"500-5750  Cm- 

Thus  it  appears  that  the  change  in  focus  is  proportional  to  the  sine  of  the  angle  of 
inclination  of  the  grating,  being  negative  when  the  grating  is  turned  to  one  side  and 
positive  when  it  is  turned  to  the  other.  This  fact  is  of  great  importance  in  deciding 
on  a  theory  to  account  for  these  changes. 

"After  I  made  the  focal  measurements  for  this  grating,  two  theories  to  account 
for  the  changes  in  focus  suggested  themselves;  one,  to  Mr.  Plaskett,  that  the  changes 
in  focus  were  due  to  curvature  of  the  ruled  lines;  the  other,  to  me,  that  it  is  due  to 
the  curvature  of  the  grooves  caused  by  the  ruling  point  pressing  over  the  ridge  be- 
tween the  last  furrow  made  and  the  one  being  made,  thus  producing  a  concave  and  a 
convex  side  to  each  furrow.  If  the  latter  theory  were  correct,  the  second  grating 
should  show  a  somewhat  similar  behaviour  to  the  first;  it  behaves  quite  normally, 
however,  and  the  proportionality  of  the  changes  to  the  sine  of  the  angle  of  inclination 
of  grating  (a)  taken  along  with  this  fact  makes  it  seem  quite  probable  that  the  former 
theory  is  the  correct  one.  If,  then,  it  be  assumed  that  the  changes  in  focus  are  caus- 
ed by  curvature  of  the  ruled  lines,  it  is  possible  to  calculate  the  amount  of  the  curva- 
ture from  the  changes  in  focus,  as  follows: 

"Let  the  normal  focus  of  the  lens  for  any  wave-length  be  /  cm.,  (i.e.,  the  lens 
must  be/  cm.  from  the  slit  in  order  to  focus  the  light  of  the  particular  wave-length 
at  the  slit).  Let  the  focus  be  changed  to/+d  on  account  of  the  curvature  of  the 
ruled  lines;  the  light  emerging  from  the  lens  to  the  grating  will  be  convergent 
or  divergent  as  d  is  positive  or  negative.  Now,  in  order  that  the  spectrum  may  be 
focussed  at  the  slit,  the  grating  must  return  the  light  along  the  same  path,  i.e., 
it  must  act  as  a  convex  or  a  concave  mirror  depending  on  whether  d  is  positive 
or  negative  respectively.  Suppose  the  grating  does  this,  then  its  radius  of  curvature, 
r,  is  given  by  the  formula, 

1_      _L_  1  d 

/   ~  f+d  ~    r '  or'       r  ~  f 

r  being  negative  (i.e.,  as  for  a  convex  mirror)  when  d  is  positive,  and  positive  (i.e., 
as  for  a  concave  mirror)  when  d  is  negative.    It  is  desired  to  know  the  curvature 
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of  the  lines  measured  in  the  plane  of  the  grating,  i.e.,  corresponding  to  the  value  of 
d  when  6  =  90°,  a  value,  of  course,  impossible  in  practice.    For  this  value  of 

6,  d  =  ±  i!L  •         cm .,  or,  =±=  3.5  cm.,  and  the  normal  value  of  /  for  a  5750,  is 
500  5750 

about  695.5  cm.  Consequently,  r  is  found  to  be  about  140,000  cm.  This  would 
mean,  in  a  ruling  10  cm.  long,  a  departure  at  the  ends  from  the  position  of  the  centre 
of  the  ruling  of  about  0.00008  cm.,  or  about  half  the  distance  between  two  succes- 
sive lines  of  the  grating.  Such  a  condition  would  account  for  all  the  defects  of  the 
grating  in  question,  and  possibly  irregularities  in  the  form  of  the  grooves  would 
help  to  account  for  its  exceptional  dimness. 

"It  may  here  be  mentioned  that  such  measurements  as  recorded  above  may 
sometimes  serve  to  point  out — to  those  who  have  undertaken  the  extremely  difficult 
task  of  ruling  gratings — slight  errors  in  the  ruling  mechanism  which  may  be  removed 


3.  Plates  of  the  Solar  Rotation  Effect,  with  some  Measurements  of  the  Rale  of 
Rotation  at  the  Solar  Equator. 

During  the  year,  about  130  plates  of  the  solar  rotation  effect,  having  from 
4  to  6  exposures  on  each,  were  made  by  Mr.  Plaskett  and  niyself  for  the  most  part 
working  together.  These  plates  may  be  grouped  in  several  series  according  to 
the  region  in  which  they  were  taken.  In  the  summer  of  1910  the  plates  were  made  in 
the  region  A.  4500  in  the  second  and  third  orders  from  the  brighter  side  of  the  grat- 
ing (No.  55).  All  these  plates  were  taken  with  5  cm.  masked  off  the  bottom  of 
the  grating  to  remove  astigmatism.  In  the  second  order,  17  plates,  L476— L487 
and  L491  —  L496,  were  made  with  the  whole  width  of  the  grating,  and  66  plates, 
L527  — L535  and  L538  — L578,  were  made  with  5  cm.  masked  off  one  side  of  the 
ruled  surface  to  improve  the  definition  of  the  spectrum  lines.  In  the  third  order, 
the  whole  width  of  the  grating  was  used  in  taking  plates,  L488  —  L510;  various 
widths  in  taking  plates,  L511  — L517;  and  the  8  cm.  width  remaining  when  the  5 
cm.  mentioned  above  was  masked  off  to  give  the  best  definition,  was  used  in  making 
plates  L518  —  L526,  a  total  of  33  plates  being  made  in  the  third  order.  All  plates 
after  L538  were  made  with  the  best  6  cm.  X  8  cm.  area  of  the  grating  so  mounted 
that  it  was  placed  symmetrically  opposite  the  centre  of  the  lens.  In  making  these 
photographs,  great  difficulty  was  experienced  in  keeping  the  prisms  adjusted  so  as 
to  properly  reflect  the  beams  of  light  to  the  grating.  The  three  beams — two  from 
the  West  and  one  from  the  East  limb  of  the  Sun — should  each  evenly  illuminate 
the  grating,  for  otherwise  there  would  be  displacements  of  the  spectra  in  case  the 
photographic  plate  was  slightly  out  of  focus.  The  prisms  were  adjusted  so  that 
the  beams  from  each  limb  evenly  filled  the  unmasked  rectangle  of  the  grating,  but 
these  were  usually  of  uneven  intensity  and  the  exposures  for  the  West  and  East 
limbs  were,  on  the  average,  about  20  and  25  seconds  respectively.  On  some  of 
the  plates  the  two  strips  from  the  West  limb  were  found  to  be  of  uneven  intensity 
which  probably  points  to  an  uneven  illumination  of  the  grating.  After  taking  some 
of  the  plates,  the  illumination  was  found  to  have  changed  as  if  due  to  a  temperature 
effect.  To  remove  these  difficulties,  stronger  and  more  positive  adjustments  were 
made  and  the  two  prisms  above  the  slit  which  were  used  to  reflect  the  two  beams 
from  the  West  limb  were  replaced  by  a  single  prism,  notched  as  suggested  by  Mr. 
Plaskett,  to  receive  the  prism  which  reflected  the  beam  from  the  East  limb.  A  more 
perfect  and  convenient  guide-plate  replaced  the  old  one,  and  the  scale  for  reading 
the  angles  of  inclination  of  the  grating  was  more  conveniently  placed,  as  men- 
tioned in  the  outline  given  above.  A  series  of  plates,  L600  —  L629,  were  then  taken 
in  the  few  available  good  hours  in  November  and  December.    This  series  was  made 
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about  the  X  5600  region  as  recommended  by  the  International  Union  for  Co- 
operation in  Solar  Research  (see  Mr.  Plaskett's  Report).  A  few  more  plates, 
L713  —  L717,  were  taken  in  this  region  in  March  1911,  making  a  total  of  30  plates 
taken  at  X  5600.  For  taking  the  photographs  at  this  wave-length,  the  Seed 
Process  plates,  which  were  sufficiently  sensitive  at  X  4500,  were  sensitized  with 
erythrosine  and  ammonia  by  Mr.  Plaskett.  The  fresh  Seed  red  "0"  Process 
plates  gave  the  best  results  when  thus  stained.  The  plates  were  taken  at  latitudes 
0°,  15°,  30°,  45°,  60°,  75°,  and  90°  with  some  at  80°  and  85°  in  the  X  5600 
part  of  the  spectrum.  The  settings  at  these  angles  were  made  by  rotating  the 
spectrograph  (as  described  in  the  Report  for  1909)  after  having  first  determined 
the  "East  and  West"  line  which  makes  a  known  angle  with  the  Sun's  equator  at 
any  time.  Rotating  the  spectrograph  changes  the  position  of  the  focussed  spectrum 
on  the  photographic  plate,  and  consequently  a  table  of  corrections  had  to  be  made 
so  that  a  series  of  exposures  at  different  latitudes  could  be  made  on  the  one  plate 
without  danger  of  having  them  overlap. 

The  winter  proved  to  be  a  very  unsatisfactory  period  for  taking  rotation  spectra 
photographs.  The  definition  of  the  solar  image  was  usually  poor,  the  coelostat- 
house  is  in  shadow  except  in  the  afternoon  when  atmospheric  distortion  and  dis- 
persion of  the  solar  image  is  apt  to  occur,  and  convection  currents  in  the  spectro- 
graph occurred  when  the  room  was  cooled  suddenly  by  opening  the  doors  to  the 
coelostat-house,  though  this  difficulty  was  finally  overcome  as  described  below. 

During  the  course  of  the  above  work  measurements  of  the  equatorial  displace- 
ments of  selected  lines  were  made  in  the  exposures,  L528a,  L531a,  L5316,  L569rf, 
and  L570a  at  X  4500,  and  L600c,  LGOOd,  LdOld,  LQWe,  and  L616a  at  X  5600. 
These  measurements  are  given  in  the  Tables  below,  along  with  a  description  of 
the  plates  and  an  explanation  of  the  symbols  used.  From  these  Tables  it  will 
be  seen  that  the  values  of  the  equatorial  rate  of  rotation  of  the  sun  as  deter- 
mined from  the  different  exposures  in  kilometres  per  second,  are,  — L528a, 
2.038;  L531o,  2.038;  L5316,  2.148;  L569tf,  1.956;  L570a,  1.901;  L600c,  1.962; 
L600d,  1.936;  L601d,  2.021;  L610e,  1.993;  L616a,  1.905.  The  mean  of  the  first 
five  exposures  (at  X  4500)  is  2.016,  and  the  mean  of  the  last  five  (at  X  5600)  is 
1.964;  or  the  mean  of  the  whole  ten  exposures  is  1.990,  a  value  which  is  about  4  per 
•cent,  lower  than  the  ordinarily  accepted  value,  (Adams  found  2.074  for  1906-7,  and 
2.062  for  1908).  This  difference  may  point  to  a  change  in  the  rate  of  rotation  of 
the  sun's  reversing  layer  (as  Halm  has  suggested)  possibly  accompanying  the  sun- 
spot  cycle  of  changes,  for  1906-7-8  follow  the  sun-spot  maximum  and  1910  ap- 
proaches the  minimum.  However,  it  would  not  be  safe  to  draw  this  conclusion 
from  so  few  measures,  particularly  since  they  disagree  so  much  among  themselves 
and  in  such  a  manner  as  to  suggest  the  presence  of  grave  errors: — For  example, 
L531a  and  L5316,  taken  from  the  same  positions  on  the  sun  about  1  minute  apart, 
show  a  difference  of  0. 1 10  km.  per  second.  For  these  same  exposures  Mr.  Plaskett's 
measurements  give  for  the  value  of  the  equatorial  rotation,  2.056  and  2.060  km.  per 
second  respectively,  the  difference  in  our  determinations  being  therefore  due  to 
errors  of  measurement  (this  subject  is  discussed  below).  Furthermore,  the  devia- 
tions of  the  means  for  the  various  lines  from  the  means  of  all  lines  in  the  two  series 
at  X  4500  and  X  5600  are  decidedly  great  in  some  cases.  Though  these  results 
seem  to  agree  with  the  general  conclusions  of  Adams,  I  prefer  to  regard  them  as 
due  to  errors  of  measurement  until  many  more  measurements  and  the  simultaneous 
investigation  of  these  errors  are  made;  and  as  will  be  seen  from  the  results  of  such  an 
investigation  given  below,  it  is  not  safe  to  draw  any  such  conclusions  from  our 
measurements  until  the  systematic  errors  of  measurement  are  eliminated.  The 
striking  case  of  the  Si  line  X  5690.646  may  be  noted.  As  will  be  seen  from  the 
tables  for  X  5600,  this  line  gives  on  the  average  a  value  about  0.36  km.  per  second 
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lower  than  the  means  for  the  other  lines.  This  may  be  due  to  errors  of  measurement 
for  the  continuous  spectrum  grows  suddenly  weaker  near  this  line;  or  it  may  ba 
caused  by  the  overlapping  of  an  atmospheric  line  which  is  not  displaced  by  the 
sun's  rotation,  the  highest  value,  for  this  line  being  on  the  dense  exposure  L616a 
which  was  taken  two  hours  nearer  noon  than  the  other  measured  plates  were, 
when  consequently  the  atmospheric  line  would  be  weaker  and  its  effect  less.  One 
is  tempted  to  explain  this  great  difference  to  the  presence  of  Si  some  distance  out- 
side of  the  sun,  but  as  I  have  pointed  out  such  conclusions  are  not  safe  until  further 
measurements  are  made.  Besides  errors  of  measurement  the  following  errors  may 
also  be  present,  and  all  of  these  must  be  reckoned  with  before  accurate  values  of  the 
solar  rotation  are  deducible  and  any  slight  changes  which  may  occur  in  it  may  be 
detected: — Errors  due  to:  Convection  in  the  sun's  atmosphere;  Changes  in  the 
illumination  of  the  grating  brought  about  by  temperature  effects  on  the  prisms  or 
prism-mountings  as  suggested  above;  Alterations  in  the  figures  of  the  mirrors  due  to 
heating,  with  consequent  changes  in  focus  and  definition  of  the  solar  image;  Over- 
lapping of  the  spectrum  of  the  sky  and  possibly  too  of  matter  outside  of  the  sun;  etc. 

As  already  -stated,  however,  the  above  plates  and  the  few  measures  made  of 
representative  exposures,  have  revealed  to  us  the  presence  of  irregularities,  and  to 
remove  these  and  to  find  out  their  causes  a  very  careful  check  must  be  made  of  all 
the  numerous  variables  of  which  we  know  to  affect  the  result  sought. 

In  the  following  Record  of  Observations  for  the  exposures  taken  at  the  equator 
whose  measurements  are  given  in  the  Tables  below,  the  number  of  the  plate  is 
given  followed  by  a  letter  denoting  the  exposure  on  the  plate,  then  follow  the  date 
in  1910  and  hour  G.M.T.,  the  duration  of  the  exposure  in  seconds — and  where 
the  times  are  different  for  the  two  limbs  they  are  given  following  the  letters  W  and  E 
denoting  West  and  East  respectively.  The  diameter  of  the  sun  measured  in  mm. 
is  then  given,  followed  by  the  distance  apart  in  mm.  of  the  two  regions  inside  the 
limbs  from  which  the  light  is  reflected  by  the  two  outside  prisms  to  the  slit.  The 
diamettr  of  the  sun  was  measured  on  the  guide-plate  except  for  L610e  and  L616a 
when  it  was  measured  at  a  distance  back  of  the  guide-plate  equal  to  the  path  of 
light  from  the  windows  in  the  guide-plate  through  the  prisms  to  the  slit,  the  image 
being  focussed  at  this  point,  and  the  distance  apart  of  the  two  regions  investigated 
is  the  distance  between  the  two  narrow  strips  of  metal  held  in  front  of  the  windows 
so  as  to  shut  out  the  light  from  the  slit,  with,  in  the  case  of  L610e  and  L616a,  a 
slight  correction  necessary  to  project  this  distance  on  the  focal  plane.  After  D, 
is  given  the  heliographical  latitude  of  the  centre  of  the  sun's  disc;  and  after  vl  the 
correction  in  km.  per  second  to  be  added  to  convert  the  synodical  velocity  to  the 
sidereal.    Then  follow  remarks  concerning  the  definition. 

At  X  4500. 

L52Sa,-Julv  5,3:38G.M.T.;  W.  20,  E.  25  ;226.0. -220.0;  D,  +  3°.4;i>\  0.134;  Fair. 
L531a,-July  5,7:46  G.M.T.;  W.  20,  E.  25;226.0:220.0;  D,  +  3.4;  y1,  0. 134;  Fair. 
L5316,-Julv  5,7:47G.M.T.;W.  20,  E.  2o;226.0:220.0;  D,  +  3.4;w\ 0.134;  Fair. 
L569(/.-July  16,  5:31  G.M.T.;  20  sees.;  225.5:220.0;  D,  +  4.5;  v\  0. 134;  Fair. 
L570a,-July  19,  3:59  G.M.T.;  30  sees.;  226.0:220.0;  D,  +  4.8;  v\  0. 134;  Clouds. 

At  X  5600 

L600c,-Nov.  9,  8:20  G.M.T.;  30  sees.,  233.0:220.1,  D,  4-  3°.  4,  i>\  0.141;  Fair. 

L600rf,-Nov.  9,  8:21  G.M.T.;  40  sees.,  233.0:220.1,  D,  +  3.4,  v\  0.141;  Fair. 

L601<-Nov.  9,  8:37  G.M.T.;  25  sees.,  233.0:220.1,  D,  +  3.4,  v\  0.141;  Fair. 

L610e,-Dec.  6,  7:57  G.M.T.;  30  sees.,  234.5:221.5,  D,  0.0,  v\  0.141;  Fair. 

L616«,-Dec.  9,5:45  G.M.T.;  35  sees.,  236.0:221.9,  D,  -  0.3,  v\  0.141;  Fair. 
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In  the  following  Tables,  under  "Line"  are  given  the  wave-lengths  A  of  the  lines 
measured,  followed  by  the  chemical  symbol  of  the  element  whose  vapor  produces  the 
absorption  line  and  the  intensity  of  the  line  all  as  given  in  Rowland's  Tables  of 
Solar  Wave-lengths;  under  d  are  given  the  measured  displacements  of  the  lines 
in  ten-thousandths  of  1  mm.,  determined  by  measuring  the  plate  one  way  then 
turning  it  through  180°  and  measuring  it  again  and  taking  the  mean  of  the  two 
measures,  each  measure  being  the  difference  between  the  mean  of  4  settings  on  the 
line  in  the  central  strip  and  the  mean  of  2  settings  on  the  line  in  each  of  the  two 
outside  strips:  thus,  d  for  each  line  depends  on  16  settings;  under  v  are  given  the 
velocities  equivalent  to  half  of  d,  the  unit  being  kilometres  per  second.  The  mean 
value  of  v  for  each  plate  is  given  and  below  it  the  value  V  of  the  sun's  rotation  cal- 
culated from  the  following  equation: — 

y  _  Diameter  of  sun's  disc  ^  ^ 

Distance  between  prisms.  '      '  ' 

where  r1,  as  mentioned  above,  is  the  correction  to  be  added  to  get  the  sidereal  rota- 
tion. 

TABLES  OF  MEASUREMENTS  OF  SOLAR  ROTATION  PLATES 


L528a. 


Z.531a. 


L5316. 


LoTOa. 


Line. 


4432 

736, 

Fe, 

I 

4435 

321, 

Fe, 

2 

4438 

510, 

Fe, 

1 

4445 

641, 

Fe, 

1 

4453 

876, 

Ti, 

1 

4464 

617, 

Ti, 

2 

4468 

663, 

Ti, 

5 

4484 

392, 

Fe, 

4 

4489 

911, 

Fe, 

4 

4502 

388, 

Mn, 

2 

450S 

455, 

Fe?, 

4 

4512 

906, 

Ti, 

3 

4518 

198, 

Ti, 

3 

4523 

572, 

Mn?,  1 

4527 

101, 

Ca?, 

3 

4531 

801, 

Fe, 

2 

4534 

953, 

Ti, 

4 

4546 

129, 

Fe,Cr,3 

4548 

938, 

Ti, 

2 

4554 

211s, 

Ba, 

8 

4555 

162, 

Cr, 

2 

4558 

827, 

Cr?, 

3 

4563 

939s, 

Ti, 

4 

4571 

275s, 

Mg, 

5 

4572 

156s, 

Ti, 

6 

4578 

732s, 

Ca, 

3 

4590 

126s, 

Ti, 

3 

4602 

183s, 

Fe, 

3 

4603 

126, 

Fe, 

6 

565 
525 
550 
535 
565 
560 
550 
545 
575 
570 
585 
575 
590 
600 
590 
540 
570 
565 
575 
600 
570 
605 
595 
575 
5S5 
580 
570 
620 
555 


1-863 
1-730 
1-910 
1-758 
1-854 
1-832 
1-799 
1-775 
1-872 
1-850 
1-897 
1-862 
1-908 
1-938 


■904 
•742 
•837 
•816 
■847 
1-924 
1-828 
1-939 
1-905 
1-S3S 
1-869 
1-851 
1-815 
1-968 
1-762 

1-851 


V=2-038 


535 
570 
550 
565 
570 
580 
570 
565 
555 
575 
585 
585 
595 
590 
590 
560 
570 
550 
575 
580 
600 
575 
555 
575 
565 
615 
565 
5S0 
545 


F=2 


764 
878 
810 
854 
870 
897 
935 
S41 
806 
865 
897 
894 
924 
905 
904 
806 
837 
76S 
847 
862 
924 
S43 
777 
S38 
806 
962 
799 
841 
730 

851 
038 


559 
606 
627 
614 
531 
5S6 
623 
558 
613 
585 
622 
587 
642 
620 
602 
664 
598 
612 
629  | 
623 
611 
596 
565 
571 
558 
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4.    Errors  in  the  Measurement  of  Spectral  Line  Displacements. 

The  presence  of  systematic  errors  of  a  personal  nature  in  the  measurement  -  of 
the  positions  of  spectrum  lines  has  often  been  suspected,  yet  little  attempt  has  been 
made  to  determine  their  character  and  magnitude.  In  the  present  report  a  method 
for  investigating  and  eliminating  these  errors  is  described  along  with  some  measure- 
ments made  in  connection  with  the  problem  of  the  solar  rotation,  after  first  briefly 
mentioning  some  of  the  more  important  questions  likely  to  be  affected  by  such 
errors. 

Systematic  personal  errors  are  suspected  to  occur  in  the  measurements  of  the 
following  investigations : 

(a)  The  Determination  of  Wave-lengths.  The  greater  part  of  this  work  involves 
repeated  "settings,"  on  the  lines  whose  wave-lengths  are  sought  and  on  other  lines 
called  "standards"  whose  wave-lengths  are  known.  These  "settings"  consist  in 
turnings  of  a  micrometer-screw  carrying  the  measuring  microscope  or  the  photo- 
graph of  the  spectrum,  until  the  line  or  lines  of  the  microscope  are  placed  as  closely 
as  the  measurer  can  see,  over  or  symmetrically  about  the  centres,  centres  of  intensity 
or  some  other  selected  part  of  the  spectrum  lines  and  recording  the  corresponding 
scale-readings.  It  is  obvious  that  if  one  observer  uses  the  centre  of  the  line  for  his 
settings  and  another  uses  the  centres  of  intensity,  systematic  errors  will  occur  since 
for  some  lines  the  two  "centres"  coincide  while  on  others  they  do  not.  Again, 
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even  if  two  persons  strive  to  set  on  the  same  part  of  the  line  such  things  as  un- 
symmetrical  shading  of  the  line,  the  nearness  of  other  lines,  etc.,  may  affect  them 
differently  and  result  in  different  settings  with  consequent  errors  in  the  determin- 
ation of  the  wave-length.  Such  errors  are  so  small,  when  the  spectrum  is  on  a  large 
scale,  that  for  many  purposes  the  measurements  are  sufficiently  accurate.  In  the 
determination  of  standard  wave-lengths,  however,  an  effort  should  be  made  to 
eliminate  even  these  errors.  It  is  generally  assumed  that  the  mean  of  the  measure- 
ments of  several  measurers  is  well  within  the  limits  of  the  accidental  errors.  This 
is  not  necessarily  the  case,  however,  for  disturbing  influences  such  as  those  mentioned 
above  may  operate  on  the  measurements  systematically  in  the  same  way  for  the 
different  persons.  There  is  apparently  some  evidence  of  this  in  the  determination 
by  interferometer  methods  of  the  "Secondary  Standards  of  Wave-length,  Inter- 
national System,  in  the  Arc  Spectrum  of  Iron,"*  by  Fabry  and  Buisson,  Eversheim 
and  Pfund,  as  the  following  quotation  from  H.  Kayser's  paper  on  "Standards  of 
Third  Order  of  Wave-lengths  on  the  International  System, "f  would  seem  to  show: 
"I  have  employed  as  standards  the  arithmetical  means  of  the  measurements  of 
Fabry  and  Buisson,  Eversheim  and  Pfund.  The  portions  of  spectrum  measured 
were  always  between  three  or  four  successive  standards,  so  that  each  line  is  referred 
to  as  many  neighboring  standard  lines  as  possible.  It  turned  out  that  measure- 
ments of  the  same  sharp  line  on  different  plates  yielded  differences  of  not  more  than 

from  0.001  to  0.002  A,  when  the  same  standards  were  employed;  but  if  different 
standards  were  employed,  differences  as  great  as  about  0.006  occurred.    This  proves 

that  some  of  the  standards  still  contain  errors  of  from  0.004  to  0.005  A,  and  that 
measurements  of  the  best  plates  in  the  second  order  give  a  greater  degree  of  accuracy 
than  that  of  the  secondary  standards."  I  cannot  say  that  I  am  wholly  convinced 
by  the  argument.  It  seems  to  me  quite  possible  that  Kayser's  own  settings  on  the 
secondary  standards  may  contain  systematic  errors  greater  than  the  differences  in 
the  "measurements  of  the  same  sharp  line  on  different  plates."  However,  the  fact 
remains  that  in  the  determinations  of  either  the  secondary  or  the  tertiary  standards, 
or  both,  there  are  systematic  errors  greater  than  the  accidental  errors  of  measurement. 

(b)  The  determination  of  Stellar  Radial  Velocities.  In  this  work  systematic 
errors  of  measurement  are  more  likely  to  occur  than  in  any  other  involving  the 
measurement  of  spectra,  because  the  spectra  measured — the  star  spectrum  with  its 
usually  diffuse  absorption  lines,  and  the  comparison  spectrum  with  its  strong 
emission  lines — are  so  different  in  character.  Furthermore,  since  the  lines  of  the 
star  spectrum  often  differ  greatly  in  appearance  and  are  in  regions  of  the  continuous 
spectrum  of  different  intensity,  systematic  differences  in  velocity  for  the  various 
lines  are  likely  to  be  found,  and  since  the  star  spectra  are  on  a  very  small  scale, 
these  may  represent  variations  of  several  kilometres  per  second.  Such  differences 
have  been  found,  and  though  there  are  plausible  physical  explanations  which  one 
can  give,  such  as  convection,  electrical  or  magnetic  effects,  pressure  effects,  the 
presence  of  other  bodies  or  of  a  hazy  envelope  about  the  star  having  a  different 
motion,  etc.,  yet  it  would  be  advisable  before  employing  such  theories  to  eliminate 
the  possibility  of  systematic  errors  of  measurement. 

(c)  The  comparison  of  various  regions  in  the  Sun  with  one  another  and  with 
Standard  Spectra.  Much  of  this  work  depends  on  comparative  measurements  of 
spectra  of  different  character,  and,  as  pointed  out  above,  is  therefore  liable  to 
contain  systematic  error.  Among  the  more  important  investigations  in  this  field 
are  some  of  those  carried  out  at  Mount  Wilson  Solar  Observatory,  on  the  displace- 


*  Astrophysical  Journal,  32,  215-216. 
t  Astrophysical  Journal,  32.  217-225. 
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ments  of  the  spectrum  lines  at  the  sun's  limb,*  and  the  motions  of  calcium  vapor 
in  the  solar  atmosphere  f  and  over  special  regions  in  the  sun.§  The  accidental  errors 
of  measurement  in  this  work  are  extremely  low,  a  precision  of  0.001  A  being  aimed 
at,  and  such  being  the  case  it  would  be  well  worth  while  to  test  for  systematic 
errors  which  may  well  exceed  this  small  quantity.  Furthermore,  in  deciding 
whether  the  interesting  results  observed  in  these  researches  are  due  to  pressure  or  to 
convection  very  accurate  references  to  laboratory  comparison  spectra  were  necessary, 
and  the  spectra  compared  being  widely  different  the  decisions  may  have  been  affected 
by  systematic  error.  Even  so  may  be  affected  the  results  derived  from  the  com- 
parison of  "enhanced"  and  "arc"  lines  in  the  same  spectrum.  J 

(</)  The  determination  of  the  rate  of  the  solar  rotation.  The  method  chiefly 
used  at  present  in  the  investigation  of  the  rate  of  the  sun's  rotation,  is  that  em- 
ployed by  Adams**  at  the  Mount  Wilson  Solar  Observatory,  namely,  the  measure- 
ment of  the  spectral  line  displacements  in  adjacent  simultaneously  taken  photo- 
graphs of  the  spectra  from  opposite  ends  of  a  diameter  of  the  sun's  disc.  These 
measurements  differ  from  those  made  in  the  investigations  mentioned  above,  in 
that  the  relative  positions  are  sought  of  the  same  spectral  lines  in  two  presumably 
similar  spectra,  and  consequently  it  is  not  so  easily  imagined,  as  in  the  case  where 
two  different  spectra  are  compared,  how  systematic  errors  of  measurement  may  hap- 
pen. Nevertheless,  it  was  in  connection  with  this  very  problem  that  I  first  suspected 
the  presence  of  such  errors.  In  1909, 1  measured  a  few  plates  of  the  solar  rotation  ef- 
fect which  I  made  with  the  twenty-three  foot  Littrow  spectrograph,  using  a  plane 
grating  which  apparently  on  account  of  curvature  of  the  linestt  (as  shown  pre- 
viously in  this  report)  produced  spectra  of  very  poor  definition.  The  spectrum 
lines  were  not  sharp  and  the  continuous  spectrum  was  nebulous.  From  my 
measurements  of  from  30  to  80  lines  on  each  of  three  plates,  I  noted  that  the 
greater  proportion  of  the  lines  giving  the  largest  values  of  the  measured  displace- 
ments were  the  broader  and  more  fuzzy  lines  or  those  very  close  to  other  lines  or 
to  nebulous  regions  of  the  spectrum.  A  few  scattered  measurements  on  other  plates 
seemed  to  confirm  this  observation.  Measurements  of  one  of  these  plates  were 
published  along  with  a  description  of  the  spectrograph §§  simply  to  illustrate  the 
method,  but  even  from  these  80  measurements  the  tendency  for  the  broader  and 
more  diffuse  lines  to  give  larger  values  for  the  displacement  is  noticeable.  The 
mean  velocity-equivalent  of  the  measured  displacements  is  1.77  km.  per  second, 
and  of  the  9  lines  which  yield  values  greater  than  1.90  km.  per  second,  4  are  excep- 
tionally broad  or  fuzzy  lines,  1  is  in  a  nebulous  region  and  another  is  very  close 
to  another  spectrum  line,  as  follows:  4163.818,  fuzzv,  1.95  km.;  4199.257,  fuzzv, 
2.13,  and  1.95  km.; 4236.279,  near  4236.112,  1.92,  and  1.94  km.;  4246.966,  broad 
and  fuzzy,  1.94  km.;  4271.325,  broad  and  fuzzy,  1.91  km.;  (4271.934,  broad  and 
fuzzy  neighboring  line  gives  a  value  nearly  as  great,  1.87  km.);  4288.310,  nebulous 
region,  1.98;  the  other  three  lines  appear  to  be  average  lines.  These  measurements 
with  the  others  mentioned  above  certainly  warranted  the  suspicion  that  the  broader 
and  more  nebulous  lines  gave  larger  values,  and  so  much  was  I  impressed  by  them 
that  my  suspicions  extended  to  the  measurements  of  Adams  on  the  rotation  (loc. 
cit.)  values  for  the  two  very  broad  and  shaded  lines  Ha  and  A.  4227,  which  he  found 
to  give  larger  values  for  the  rate  of  the  sun's  rotation  than  those  obtained  from  the 

•  Walter  S.  Adams,  Astrophysical  Journal,  31,  30-61. 
t  Charles  E.  St.  John,  Ibid,  32,  36-82. 
§  Charles  E.  St.  John,  Ibid,  34,  57-78. 

t  Walter  S.  Adams.  Some  results  of  a  study  of  the  spectra  of  Sirius,  Procyon  and  Arcturus 

with  high  dispersion,  Astrophysical  Journal,  33,  64-71. 
*•  Ibid,  26,  203;  29,  110;  27,  213. 
ft  De  Lury,  Journal  Roy.  Astron.  Soc.  Can.,  5,  26-32. 
§§  Report  for  1909,  p.  256. 
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narrower  absorption  lines.  I  felt  the  necessity  of  making  measurements  to  test 
these  suspicions,  but  thought  it  better  to  wait  until  a  new  grating  giving  sharper 
spectrum  lines  was  obtained.  Consequently,  when  work  with  the  new  grating  was 
well  under  way  and  some  measurements  were  made  which  still  showed  systematic 
tendencies,  particularly  some  comparative  measures  by  different  persons,  I  proposed 
to  make  tests  for  systematic  errors  of  measurements  to  be  carried  out  in  connection 
with  the  measurements  of  the  plates  of  the  solar  rotation  effect,  in  the  hope  that  I 
could  eliminate  these  errors  if  they  .actually  existed ,  and  also  that  I  might  throw 
light  on  my  suspicions  as  to  the  reality  of  the  results  obtained  by  Adams  regarding 
the  systematically  different  displacements  of  various  lines.  I  accordingly  devised 
a  method  of  attacking  the  problem,  a  description  of  which,  together  with  some  pre- 
liminary measures,  constitutes  the  remainder  of  this  section  of  the  report. 

The  method  consists  essentially  in  introducing  on  the  spectrum  lines  under 
investigation  by  mechanical  means  an  arbitrary  displacement — -of  known  magnitude 
if  desired — which  is  the  same  for  all  the  lines,  and  which  should  yield,  in  the  absence 
of  systematic  errors,  the  same  measured  values  within  the  limits  of  the  accidental 
errors,  and  for  a  large  series  of  observations  the  same  means  for  all  the  lines 
whether  measured  by  the  same  or  different  observers ;  if  the  means  of  the  measured 
values  in  such  a  series  are  not  close  to  the  same  value,  then  systematic  errors  are 
present,  and  their  magnitude  and  nature  can  be  determined  from  the  differences. 

The  arbitrary  displacement  may  be  introduced  by  taking  the  photograph  of 
one  spectrum  first,  then  shifting  the  plate-holder  and  taking  the  photograph  of  the 
other  spectrum.  The  plate-ho  lder  may  be  moved  between  stops  or  moved  by 
means  of  a  micrometer  screw.     The  method  is  very  satisfactory  if  one  is  not  anxious 


Fig.  13.— Double-Slit  Apparatus. 

to  have  the  displacements  on  a  series  of  plates  identically  the  same.  For  several 
reasons,  however,  I  desired  the  latter  condition  and  accordingly  devised  a  second 
method  of  obtaining  the  displacement.  This  method  consists  in  the  taking  of 
spectra  from  two  parallel  slits  whose  widths  and  distances  apart  are  adjustable 
and  may  be  kept  constant  for  a  series  of  plates,  the  distance  apart  of  the  slits  govern- 
ing the  displacement  of  the  spectra.  To  reproduce  the  configuration  of  the  "rota- 
tion spectra"  taken  here,  I  had  the  "double-slit"  constructed  in  the  form  shown  in 
Figure  13,  which  represents  a  bird's-eye  view  of  the  apparatus.  F,  is  a  brass  frame 
with  bevelled  runs  in  which  the  slit-jaws,  J,  J,  work.  These  jaws  are  also  milled 
with  bevelled  runs  in  which  the  smaller  jaws,  J',  J',  slide.  The  slit-edges  of  all  these 
jaws  are  parallel,  and  they  are  bevelled  back  leaving  their  sharp  edges  in  the  plane 
of  their  faces.  The  smaller  jaws  were  set  in  the  larger  and  their  edges  polished 
simultaneously  to  insure  parallelism,  the  polishing  being  done  on  plate-glass  with 
the  finest  emery.  One  of  the  jaws,  J,  is  screwed  to  F  in  a  fixed  position,  while  the 
other  may  be  slid  back  and  forth  in  F  by  means  of  the  micrometer,  M,  with  the  aid 
of  a  coiled  spring  as  in  ordinary  spectrograph-slits,  and  the  distance  between  the 
jaws  may  be  read  in  ten-thousandths  of  an  inch.    The  slit  between  the  jaws,  J',  J', 
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may  be  adjusted  to  any  desired  distance  to  either  side  of  the  slit  between  the  larger 
jaws.  The  widths  of  the  two  slits  will  be  the  same  if  they  are  adjusted  so  that  they 
close  simultaneously,  since,  when  jaw,  J,  is  moved  by  the  micrometer  it  carries  with 
it  one  of  the  smaller  jaws.  A  mask  is  next  placed  over  the  slits  to  give  the  con- 
figuration C.  The  double-slit  replaces  the  ordinary  slit  of  the  spectrograph,  and 
the  spectra  taken  are  represented  by  8.  A  precisely  similar  mask  is  used  in  taking 
the  rotation  spectra,  so  that  the  widths  of  the  strips  of  spectra  and  the  distances 
apart  are  exactly  the  same.  Both  spectra  are  taken  from  the  same  distance  inside 
the  limb  of  the  sun,  so  that  the  only  difference  between  them  lies  in  the  fact  that 
in  the  rotation  spectra  the  displacement  of  the  spectral  lines  is  due  to  the 
rotation  of  the  sun,  while  in  the  double-slit  spectra  the  displacement  is  caused  by 
the  displacement  of  the  slits  and  is  therefore  the  same  for  all  lines.  Measurements 
of  the  latter  should  therefore  reveal  the  exact  nature  of  the  errors  of  measurement 
of  the  former.  In  a  somewhat  similar  manner  the  double-slit  may  be  employed  to 
investigate  the  errors  of  measurement  in  connection  with  the  other  problems  men- 
tioned above.  If  the  double-slit  is  to  be  used  very  much  it  will  be  found  advantage- 
ous to  provide  a  micrometer  attachment  to  the  right-hand  jaw,  J',  so  that  its  dis- 
tance from  the  slit  made  by  the  larger  jaws  may  be  readily  adjusted.  For  use  in  the 
present  investigation  the  displacement  was  fixed  at  about  0.07  mm.  the  value  of 
the  displacement  at  the  equator  on  the  rotation  plates  at  A  4250,  the  region  chosen  be- 
cause it  was  that  employed  by  Adams  in  his  work  on  the  Solar  Rotation  and  is  the  com- 
mon region  selected  by  the  International  Union  for  Co-operation  in  Solar  Research. 

In  making  the  measurements  the  large  Toepfer  measuring  machine  of  the 
Observatory  was  used.  This  instrument  has  a  thread  30  cm.  (12  in.)  long  and  of 
0.5  mm.  pitch  and  is  capable  of  measuring  over  the  whole  range  of  the  12  in.  plates 
taken  in  the  solar  spectrograph.  The  micrometer  reads  to  microns  and  estima- 
tions to  one-tenth  of  this  value,  i.e.,  to  one  ten-thousandth  of  a  mm.,  (0.0001  mm.) 
may  be  made.  The  measures  given  in  the  following  Tables  are  expressed  in  this 
unit.  All  measurements  of  the  displacement  of  any  line  consist  in  taking  the 
difference  between  the  means  of  4  settings  on  the  line  in  the  central  strip  of  spectrum 
and  the  mean  of  2  settings  on  the  line  in  each  of  the  two  outside  strips;  when  all 
the  lines  in  question  are  measured,  the  plate  is  turned  through  180°  and  the  measure- 
ments repeated,  the  run  of  the  micrometer  screw  being  in  the  opposite  direction: 
the  mean  d,  of  the  means  d'  and  d",  from  the  two  runs  for  each  line  is  the  measured 
displacement  for  that  line,  and  it  thus  depends  on  16  settings.  Before  giving  the 
bulk  of  the  measurements  of  the  arbitrary  displacement  plates,  I  will  present  some 
results  illustrating  the  differences  in  the  measures  of  the  same  lines  by  different 
observers.  In  the  Tables,  r  denotes  the  residual  obtained  by  subtracting  the 
mean  value  of  d  from  the  d  in  question. 


TABLE  I. 
Plate,  L570a,  (Rotation  Effect). 


4->4v;>::is 

455S-S27 

4564-939 

4571-275 

Means 

d 

r 

d 

r 

d 

r 

d 

T 

d 

r 

Plaskett  

533 

-  4 

537 

+  14 

540 

+25 

545 

+21 

539 

+  14 

Harper  

563 

4-26 

515 

-  8 

510 

-  5 

510 

+26 

535 

+  10 

550 

+  13 

540 

+  17 

500 

-15 

520 

-  4 

528 

+  3 

Cannon  

540 

+  3 

552 

+29 

513 

-  2 

502 

-22 

527 

+  2 

543 

+  6 

500 

-23 

500 

-15 

522 

_  2 

516 

-  9 

De  Lury  

493 

-44 

496 

-27 

526 

+11 

507 

-17 

506 

-19 

Means . . . 

1520 
537 

-17) 



(490 
523 

-33) 

(481 
515 

-34) 

(536 
524 

-12) 



(507) 
525 

Note. — The  bracketed  values  are  duplicate  measures  previously  made  and  whose  peculiar 
differences  made  it  desirable  to  have  measurements  made  by  other  observers.  All  but  the 
bracketed  values  are  derived  from  measures  made  in  only  one  position  of  the  plate. 
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TABLE  VI. 
ERRORS  OF  SETTING. 


£699,  Arbitrary  Displacement  by  Double-Slit. 


V  

Line 

Algebraic  Means. 

Arithmetic  Means. 

1st. 

2nd. 

3rd. 

4th. 

1st. 

2nd. 

3rd. 

4th. 

Means 

1,  4196 

699, 

La, 

2  

-  7 

+  13 

-  6 

-  1 

18 

26 

12 

18 

18-6 

2,  4197 

257, 

Cn, 

2. . 

0 

+  7 

0 

—  11 

28 

25 

25 

20 

24-5 

3,  4216 

136, 

CN, 

2.'..'.'.. 

+  7 

-  1 

+  8 

-  3 

40 

23 

30 

31 

310 

4,  4220 

509 , 

Fe, 

3  

+  9 

+  2 

-  2 

-  3 

24 

16 

22 

23 

21-3 

5,  4225 

619, 

Fe, 

3  

+20 

-12 

-  8 

0 

25 

20 

-  28 

20 

23-3 

6,  4232 

887, 

Fe, 

2  

-15 

+12 

-  4 

+  6 

21 

17 

20 

14 

180 

7,  4241 

285, 

Fe-Zr, 

2 

0 

-  7 

+  6 

0 

25 

12 

18 

21 

18-8 

S,  4246 

996, 

Sc, 

-14 

+  5 

-  7 

+18 

25 

17 

21 

19 

20-5 

9,4257 

815, 

Mn, 

2 

+10 

-  4 

-  6 

0 

34 

19 

13 

24 

22-5 

10,  4258 

477, 

Fe, 

2.'.'.'.'.'. 

+13 

_  2 

-12 

+  1 

21 

13 

12 

15 

15-3 

11,  4266 

081, 

Mn, 

2  

-14 

+  1 

+12 

+  2 

21 

16 

19 

14 

17-5 

12,  426S 

915, 

Fe, 

2  

-  3 

-14 

+  4 

+  12 

21 

22 

11 

21 

18-8 

13,  4276 

836, 

Zr, 

2  

-  4 

-  7 

-  6 

+  16 

14 

13 

16 

20 

15-S 

14,  4290 

377, 

Ti, 

1.'.'.'.'.'. 

+  3 

0 

-  2 

-  2 

14 

18 

14 

13 

14-8 

15,  4291 

630, 

Fe, 

2  

-  2 

-  8 

+  8 

+  3 

14 

14 

18 

10 

14-0 

Means .  .  . 

-  1 

-  'l 

0 

+  2 

23 

18 

18-6 

19 

19-6 

Note. — The  above  numbers  are  the  means — algebraic  (with  regard  to  sign)  and  arithmetic 
(without  regard  for  sign) — of  the  1st,  2nd,  3rd  and  4th  settings  on  the  lines  in  the  central  strips 
of  the  six  exposures,  Z.699a  to  Z.699/,  measured  both  ways;  each  mean  for  each  line  is  therefore 
the  mean  of  12  settings  made  at  different  times. 
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The  discussion  of  the  results  given  above  can  best  be  made  under  the  head- 
ings of  the  various  classes  of  errors  investigated: 

Systematic  differences  in  the  measurements  by  different  measurers. — A  glance 
at  Tables  I.  and  II.  reveals  the  fact  there  are  systematic  differences  in  the 
measurements  made  by  different  persons,  and  in  the  general  trend  the  results 
indicate  that  those  who  have  had  considerable  experience  in  the  measuring  of 
stellar  radial  velocity  spectrograms  get  higher  values  than  those  who  have  had  little 
experience  in  the  measurement  of  spectra.  The  differences  between  the  highest 
and  lowest  values  of  the  mean  displacements  are,  from  Table  I.,  33,  i.e.,  0.0033  mm., 
and  from  Table  II.,  the  same  value,  33,  representing  differences  of  6.3  per  cent, 
and  4.8  per  cent,  respectively.  These  differences  are  equivalent  to  differences  of 
0.13  and  0.10  km.  per  second  in  the  determination  of  the  equatorial  rate  of  the  sun's 
rotation  from  similar  displacements.  This  is  a  striking  difference,  and  the  ques- 
tion arises:  Which  is  more  nearly  the  true  value,  the  high  measurement  or  the  low 
one?  and  further,  What  is  the  true  value? — for  obviously  it  is  not  safe  to  take  the 
mean  value  of  all  the  measurements  when  such  systematic  errors  occur.  From  the 
results  of  a  large  series  of  measurements,  involving  double  measures  on  12  differ- 
ent exposures  (summarized  in  Tables  VII.  and  VIII.)  Mr.  Plaskett's  measurements 
are  seen  in  the  mean  to  be  systematically  greater  than  mine  by  6  in  a  displacement 
of  about  700.  This  difference  is  systematically  in  the  same  direction  with  the  ex- 
ception of  the  measurements  for  2  out  of  the  12  exposures,  and  3  out  of  the  15  lines, 
one  line  giving  the  same  mean.  This  difference  corresponds  to  0.02  km.  per  second, 
a  very  small  quantity,  yet  it  is  in  the  hundredths  of  a  kilometre  per  second  that 
nearly  all  of  the  interest  in  the  determination  of  the  solar  rotation  lies  at  the  present 
time  in  view  of  the  many  interesting  results  obtained  by  Adams.  It  is  consequently 
of  considerable  importance  in  such  investigations  to  make  allowance  and  correction 
for  the  systematic  differences  in  the  measurements  of  different  persons. 

Systematic  differences  depending  on  the  direction  of  measurement.— A  very 
curious  systematic  difference  in  the  measurement  of  the  displacements  presents 
itself  when  measures  are  made  one  way  and  the  plate  is  reversed  and  measured 
in  the  other  direction,  the  face  of  the  plate  being  up  in  all  measurements.  This 
difference,  which  apparently  is  in  the  same  sense  for  all  observers,  is  exhibited 
in  Table  II.  where  measures  of  6  lines  on  one  exposure  are  given  for  6  different  mea- 
surers, and  in  Tables  III.,  IV.  and  V.,  where  my  own  measurements  of  16  different 
exposures  are  recorded.  It  will  be  seen  from  Table  II.  that,  with  the  exception  of 
Mr.  Plaskett's  measurements  which  do  not  show  the  effect,  the  first  measurement, 
d',  is  systematically  smaller  than  d",  the  second  measurement,  for  each  line  with 
one  exception,  and  for  each  observer.  In  the  mean,  d"  —  d  '  =  694  —  686  =  8,  a 
difference  corresponding  to  0.023  km.  per  sec.  In  my  larger  series  of  measure- 
ments this  peculiarity  is  even  more  strikingly  shown.  In  the  values  for  L641, 
Table  III.,  we  have,  d"  —  d'  =  820  —  806  =  14,  which  corresponds  in  the  region  of 
the  spectrum  measured,  to  about  0.04  km.  per  sec.  For  L699,  Table  IV.,  the 
difference,  d"  —  d'  =  699  —  687  =  12,  corresponds  to  0.034  km.  per  sec;  and  for 
L701,  Table  V.,  the  difference,  d"-d  '  =  697-690  =  7,  corresponds  to  0.02  km. 
per  sec.  In  all  cases  for  the  measurements  of  d '  the  configuration  of  the  lines  as  seen 
in  the  eye-piece  of  the  measuring-machine,  was  >', ,  while  for  the  measurements 
d",  it  was  the  opposite,  !'.  Furthermore,  the  carriage  was  always  advanced  so  that 
the  spider-line  of  the  eye-piece  always  passed  over  the  central  line  first,  and  the 
4  settings  were  made  on  the  central  line  before  passing  to  the  two  outside  lines. 
It  is  not  likely  that  the  fact  that  the  d"  measures  were  made  subsequently  to  the 
d'  measurements  has  anything  to  do  with  this  remarkable  difference;  nor  are 
temperature  differences  in  the  micrometer  screw  caused  by  the  presence  of  the 
measurer  while  securing  the  values  of  d'  sufficient  to  account  for  the  larger  values 
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of  d".  Nor  does  the  direction  of  turning  the  screw  account  for  the  difference, 
for  in  the  measurements  of  L641  the  screw  was  turned  in  the  opposite  direction 
from  that  used  in  the  other  measurements,  the  central  strip  being  displaced  to  the 
red  of  the  two  outside  strips  in  it  and  to  the  violet  side  of  the  spectrum  in  plates 
L699  and  L701 :  to  get  the  same  configuration  in  the  microscope  for  the  d '  measures 
it  was  therefore  necessary  to  start  the  readings  from  the  opposite  ends  of  the  scale 
for  the  two  opposite  displacements.  The  most  plausible  explanation  of  the  dif- 
ference, it  seems  to  me,  is  a  "right-handed  and  left-handed"  effect.  The  fact  that 
in  d  '  the  lines  in  the  two  outside  strips  appear  to  the  right  of  the  line  in  the  central 
strip,  and  that  in  d"  the  opposite  is  the  case  may  produce  effects  on  the 
eye  resulting  in  this  curious  difference  in  the  measures  of  the  displacement; 
and  since  the  right  hand  turns  the  screw  in  opposite  ways  there  may  be  a  muscular 
effect.  I  try  to  eliminate  such  a  thing  as  "muscular  memory"  however,  by  taking 
a  fresh  grip  on  the  turning  wheel  before  each  setting.  Furthermore  it  must  be 
understood  that  the  field  of  the  microscope  is  so  big  that  when  a  setting  is  made  on 
one  of  the  three  lines,  the  observer  is  appare?itly  not  conscious  of  the  presence  of 
the  other  lines;  the  above  considerations  would  seem  to  indicate  that  the  other  lines 
exert  some  small  influence  over  him  nevertheless.  In  Adams'  work  on  the  rotation 
two  strips  of  spectra  were  employed,  so  that  the  configuration  of  the  lines  would  be 
the  same  in  both  positions  of  the  plate,  and  consequently  the  measured  displace- 
ments are  liable  to  be  too  large  or  too  small  from  such  an  effect  as  is  here  shown  to 
be  present.  This  effect  is  so  large  that  it  must  be  eliminated  from  the  measure- 
ments. 

Systematic  differences  for  different  lines. — From  Table  VII.  it  will  be  seen 
that  there  is  a  tendency  towards  negative  residuals  in  my  measurements  in 
the  cases  of  lines  8,  11  and  12;  and  positive  residuals  for  the  lines  5  and  14. 
In  Mr.  Plaskett's  results  the  tendency  to  negative  residuals  occurs  in  the 
cases  of  lines  6  and  8,  and  positive  residuals  for  lines  2  and  7.  Nearly  all  of 
these  lines  have  some  exceptional  characteristic: — line  2,  4197.257,  CN,  is  a 
weak  line  slightly  diffuse  and  shaded  asymmetrically;  line  5,  4225.619,  Fe,  is  a 
good  strong  line  with  slightly  diffuse  edges  and  it  is  near  the  strong,  broad  and 
nebulous  line  of  Ca,  4227,  which  appears  in  the  field  of  the  microscope  during  the 
measurements  of  line  5;  line  6,  4232.887,  Fe,  is  a  narrow  strong  line  and  a  good  one 
for  measuring;  line  7,  4241.285,  Fe-Zr,  is  narrow  and  weak;  line  8,  4246.996,  Sc, 
is  a  strong  and  very  broad  line  but  it  has  sharp  edges  and  is  therefore  a  fairly  good 
line  to  measure;  11,  4266 . 915,  Mn,  2,  is  a  weak  line;  line  12,  4268. 915,  Fe,  is  a  nar- 
row line  with  edges  slightly  diffuse;  line  14,  4290.377,  Ti,  is  a  very  broad  line  with 
its  edges  sharp  and  strong.  As  seen  in  the  last  paragraph  it  seems  very  probable 
that  the  configuration  of  the  lines  plays  some  part  or  has  some  slight  effect  on  the 
measurements;  such  being  the  case  it  is  reasonable  to  suppose  that  this  effect  will 
vary  with  lines  of  different  character,  and  consequently  the  measured  displacements 
may  vary.  I  made  measurements  on  three  dense  exposures  of  the  Ca  line  4227  to 
see  if  any  exceptional  effects  were  present  such  as  those  obtained  for  this  line  and 
for  Ha  by  Adams  in  his  solar  rotation  work.  The  errors  of  setting  were  very  large 
and  nothing  definite  could  be  found  from  so  few  measures.  Such  measures  should 
be  made,  and  preferably  under  the  same  conditions  as  the  rotation  plates  were 
measured  by  Adams  and  Miss  Lasby.  The  present  results  show  however  that  there 
is  a  danger  of  systematic  errors  being  present  for  the  various  lines,  and  the  differ- 
ences obtained  for  individual  lines  in  the  rotation  work  should  be  very  carefully  ex- 
amined by  the  person  making  the  measurements,  at  the  time  they  are  made  pre- 
ferably, to  see  if  they  are  due  to  such  systematic  errors  of  measurement. 

It  will  be  seen  from  Tables  VII .  and  VIII.,  that  the  probable  residuals  for  the 
different  lines  differ  greatly,  and  that  my  p.r.  is  much  greater  than  Mr.  Plaskett's. 


280 


DEPARTMENT  OF  THE  INTERIOR 


i  GEORGE  V.,  A.  1913 

This  is  probably  due  to  the  fact  that  the  latter  observer  lias  had  a  great  deal  of  ex- 
perience in  the  measurement  of  the  broad  diffuse  lines  of  star  spectra,  and  his  eye 
is  accustomed  to  smoothing  out  the  irregularities  in  the  lines  due  to  the  grain  of  the 
plate,  anil  that  I  am  still  bothered  by  it  and  have  more  difficulty  in  setting  on  the 
centres  of  intensity  of  the  lines.  It  is  to  be  hoped  that  more  experience  will  relieve 
me  of  much  of  this  error.  These  errors  ate  combined  accidental  and  systematic,  and 
probably  when  the  systematic  errors  are  removed  the  residuals  will  be  greatly 
lessened. 

Systematic  errors  in  setting. — In  Table  VI.  are  given  my  errors  of  setting 
for  the  4  settings  on  the  lines  in  the  central  strips  (measured  both  ways)  of 
Plate,  LG99.  The  numbers  are  the  means  of  the  residuals,  with  regard  to 
sign  and  without  regard  to  sign,  obtained  by  subtracting  the  mean  of  the 
4  settings  on  any  one  line  from  each  of  the  settings  on  that  particular  line 
and  taking  the  means  for  each  line.  Though  each  line  has  its  own  peculiar 
arrangement  of  the  positive  and  negative  residuals  for  each  of  the  4  settings 
— quite  striking  in  some  cases — yet  there  seems  to  be  no  general  systematic  arrange- 
ment of  these  signs.  The  means  without  regard  to  sign  show  the  peculiar  and  not 
unexpected  result  that  the  first  settings  are  usually  farthest  from  the  mean,  while 
the  residuals  for  the  other  three  settings  are  of  about  the  same  magnitude.  This 
peculiarity  may  be  lessened  to  some  extent  by  viewing  the  line  as  a  whole  more  care- 
fully before  taking  any  settings.  The  mean  error  of  setting  is,  =*=  19. (i,  or  about 
0.002  mm.,  equivalent  to  nearly  0.056  km.  per  sec. 

The  above  results  were  obtained  in  the  measurement  of  the  simplest  class  of 
spectroscopic  work,  namely,  the  relative  positions  of  the  same  lines,  and  where 
therefore  systematic  errors  are  not  so  likely  to  occur  as  in  investigations  where  the 
relative  positions  of  different  lines  are  determined;  yet,  nevertheless,  the  results 
show  the  presence  of  systematic  errors.  It  may  be  taken  for  granted,  then,  that 
similar  and  larger  errors  occur  in  other  spectroscopic  measurements.  And  since 
the  errors  are  sufficiently  large  that  their  removal  is  desirable,  a  general  method  for 
the  elimination  of  such  errors  is  necessary.  An  obvious  method  of  eliminating  some 
of  these  errors  is  to  make  the  configuration  the  same  for  each  measurement. 
This  may  be  accomplished  in  the  particular  case  examined  above  by  masking  all 
but  each  strip  of  spectrum  in  turn  by  means  of  a  slotted  sliding  mask  having  a 
spring  stop  for  each  strip.  However,  in  the  general  case  where  different  lines  are 
compared  this  would  not  remove  the  individual  errors  of  each  line,  and  would  not 
remove  any  systematic  errors  of  "memory"  if  they  were  present.  The  "double- 
slit"  used  above  offers  a  more  complete  elimination  of  the  difficulty  as  follows: — 

By  means  of  the  double-slit,  introduce  a  displacement,  D,  on  the  spectra  whose 
normal  displacement,  d,  is  desired  to  be  found.  By  making  D  much  larger  than  d, 
it  may  be  assumed  (and  this  point  could  easily  be  tested  by  means  of  the  double- 
slit)  that  the  systematic  errors  in  measuring  D  +  d  are  the  same  as  for  the  measure- 
ment of  D.  Thus  let  the  measured  value  of  the  displacement  be  D  +  d  +  e,  then 
the  measured  displacement  of  D  will  be  D  +  e,  and  the  difference  between  the  two 
measurements,  (D  +  d  +  e)  —  (D  +  e),  will  give  the  true  value,  d,  of  the  displace- 
ment sought.  The  method  is  precisely  the  same  as  the  "method  of  differences" 
used  in  exact  weighings.  It  would  involve  two  parallel  series  of  measurements, 
but  the  determination  of  D  +  e  would  probably  not  need  to  be  made  so  frequently 
as  the  determination  of  D  +  d  +  e,  after  one  became  somewhat  fixed  in  his  habits 
of  measurement.  In  the  investigation  of  the  solar  rotation  this  method  could  be 
readily  applied.  The  displacements,  d,  in  our  work  here  range  from  a  little  less  than 
0.1  mm.  down  to  nearly  zero,  so  that  by  introducing  a  displacement  D  =  1  mm.  in 
all  the  rotation  spectra  the  total  displacements  would  be  so  nearly  constant  that 
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very  probably  the  systematic  errors  of  measurement  would  be  the  same  for  all  and 
one  determination  of  D  +  f  for  spectra  from  (5  or  7  different  latitudes  on  each  plate 
would  serve  to  eliminate  the  systematic  errors  in  the  mean.  Absolute  values,  within 
the  limits  of  the  accidental  errors,  would  thus  be  determined  for  d,  and  the  results 
of  the  measures  made  by  different  observers  and  for  different  lines  should  agree 
very  closely.  I  hope  to  test  the  method  in  the  near  future  and  eliminate  the  errors 
now  present  in  our  work. 

Briefly  the  more  important  results  of  the  present  investigation  are: 

(1)  A  method  is  described  for  determining  the  presence  and  the  nature  of  the 
errors  in  the  measurements  of  spectral  line  displacements. 

(2)  There  are  systematic  personal  errors  in  the  measurements  of  spectral  line 
positions  and  displacements. 

(3)  The  errors  of  measurement,  both  accidental  and  systematic,  depend  on 
the  configuration  measured,  that  is,  on  the  grouping  of  the  several  lines  in  the 
field  of  the  measuring  microscope,  and  on  the  characters  of  these  lines. 

(4)  The  effect,  on  the  measurements  of  different  observers,  of  the  configuration 
employed  in  the  present  investigation  is  in  the  same  sease. 

(5)  The  systematic  errors  discovered  in  the  present  case  are  sufficiently  large 
to  introduce  grave  errors  into  one's  results  and  into  their  interpretation,  and  conse- 
quently one's  measurements  cannot  be  accepted  as  sufficiently  accurate  without  the 
elimination  of  these  errors.  Systematic  errors  ranging  from  0.13  km.  per  sec.  to 
0.02  km.  per  sec.  were  found  in  measurements  such  as  made  for  the  determination 
of  the  rate  of  the  solar  rotation,  the  value  for  which  at  the  equator  is  a  little  over 
2  km.  per  sec! 

(6)  A  method  for  the  elimination  of  these  systematic  errors  is  described. 

That  the  systematic  errors  which  occurred  in  the  measurements  of  the  ar- 
bitrary displacements,  actually  occur  in  the  measurements  of  rotation  plates,  is 
seen  from  the  following  comparative  values  of  the  equivalents  (in  kilometres  per 
second)  to  the  measured  displacements  on  various  plates: 

Plates.       L528a        L531a        L5316  L570a 

Plaskett   1.866        1.868        1.872  1.816 

DeLury   1.851        1.851        1.959  1.716 

The  necessity  for  the  removal  of  the  errors  in  our  work  is  thus  emphasized. 
I  hope  to  carry  on  further  work  on  this  question  of  systematic  errors  of  measure- 
ment, and  to  investigate  such  influences  as  intensity  of  the  photographic  plate,  the 
magnitude  of  the  displacements,  the  character  of  the  line  with  particular  reference 
to  the  broad  lines  A.  4227,  and  Ha;  and  especially  to  test  the  methods  proposed  above 
for  the  elimination  of  these  errors. 

I  wish  to  thank  the  gentlemen  who  so  kindly  made  the  comparative  measure- 
ments given  here;  and  Mr.  Lucas  for  constructing  the  double-slit  to  work  so  effi- 
ciently. 

5.  The  Effect  of  Sky  Spectrum  on  the  Determination  of  the  Rate  of  Rotation  of 
the  Sun;  and  a  Note  on  the  General  Problem  of  Blended  Spectra. 

The  spectrum  taken  from  any  point  on  the  sun  is  made  up  of  two  spectra, 
one  from  the  point  in  question  and  the  other  from  the  earth's  atmosphere — the 
"sky  spectrum"  as  it  is  called.  The  sky  spectrum  is  produced  from  sunlight  re- 
flected from  particles  in  the  space  surrounding  the  earth  and  in  its  atmosphere, 
and  partly  too  by  refraction  in  the  latter.  Since  the  sunlight  thus  redirected  comes 
from  the  whole  of  the  sun's  surface  facing  the  eart  h,  the  spectrum  lines  will  be  broad 
and  diffuse  because  the  wave-length  of  any  particular  line  varies  over  the  surface  of 
the  sun  on  account  of  the  effects  of  rotation,  convection  and  pressure;  the  centres 
of  intensity  of  the  lines,  however,  will  coincide  practically  with  the  centres  of  inten- 
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sit  v  of  the  lines  in  fhe  spectrum  from  the  centre  of  the  sun's  disc.  When  a  photo- 
graph of  the  solar  rotation  effect  is  taken  the  lines  in  the  adjacent  strips  of  spectra 
from  opposite  limbs  are  displaced,  while  the  lines  in  the  sky  spectrum  blended  with 
it  have  the  same  wave-lengths  in  each  of  the  strips.  The  measured  displacements 
in  these  two  spectra  blended  will  consequently  be  less  than  the  actual  displacements 
caused  by  the  sun's  rotation.  This  source  of  error  was  noted  by  Halm  and  by 
Adams  in  their  investigations  on  the  solar  rotation  and  observations  were  taken  only 
on  days  that  were  comparatively  free  from  haze  in  the  atmosphere,  it  being  assumed 
that  on  the  more  transparent  days  when  the  sky  spectrum  was  much  weaker  than 
the  sun  spectrum,  the  effect  due  to  the  former  was  negligible.  However,  since  the 
values  measured  here  for  the  rate  of  the  sun's  rotation  at  the  equator  were  a  few 
per  cent,  lower  than  those  obtained  at  Mount  Wilson,  it  occurred  to  me  that — 
even  though  errors  of  measurement  might  account  for  the  greater  part  of  this  dis- 
crepancy— the  difference  might  partially,  at  least,  be  accounted  for  by  a  difference 
in  the  intensities  of  the  sky  spectrum  in  Ottawa  and  Mount  Wilson.  I  therefore 
proceeded  as  follows  to  estimate  and  eliminate  any  effect  of  the  sky  spectrum  on 
the  measurements. 

In  the  first  place  an  estimation  of  the  relative  intensities  of  the  sky  spectrum 
ami  the  "rotation  spectrum"  was  made  by  exposing  for  the  two  spectra  in  succession. 
The  sky  spectra  were  obtained  after  lowering  the  solar  image  from  its  usual  position 
when  rotation  spectra  are  taken  until  the  little  windows  in  the  guide-plate  were 
each  about  8  or  10  mm.  from  the  edge  of  the  image.  The  exposures  lasted  about 
20  or  30  minutes,  while  the  rotation  spectra  taken  on  the  same  plate  were  exposed 
for  varying  times  from  5  seconds  up  to  the  usual  exposure  given  (30  seconds  to  1 
minute),  so  that  the  intensity  of  the  sky  spectrum  would  be  somewhere  within  the 
range  of  intensity  of  these  exposures.  In  this  way  a  rough  estimation  of  the  rela- 
tive intensities  was  made  possible.  The  same  estimation  can  be  made  more  quickly 
by  observing  or  photographing  the  direct  images  of  the  slit  reflected  back  by  the 
grating  placed  normal  to  the  axis  of  the  spectrograph  for  the  sky  and  limb  of  the 
sun  in  turn.  The  visual  estimations  can  be  made  more  readily  by  narrowing  the 
slit  when  the  limb  is  examined  until  the  intensity  of  the  reflected  light  is  the  same  as 
when  the  sky  light  is  used.  Suitable  filters  should  be  used  in  the  latter  case  to  avoid 
any  errors  that  may  be  caused  by  selective  effects  for  the  wave-length  under  con- 
sideration. This  method  was  further  simplified  by  masking  the  primary  mirror 
of  the  coelostat  telescope  until  the  intensity  of  the  reflected  image  of  the  slit  was 
as  weak  as  when  the  sky  spectrum  with  the  whole  mirror  was  used.  By  having  the 
two  sources  of  light  quickly  alternated,  and  by  estimating  closely  the  two  areas  of 
the  mirror  employed  a  very  accurate  estimate  of  the  relative  intensities  of  the  sun's 
limb  and  the  sky  can  readily  be  made.  Observations  by  this  method  agreed  closely 
with  the  results  from  the  comparisons  of  the  intensities  of  the  two  spectra,  and  they 
have  the  advantage  over  the  latter,  that  changes  in  the  intensity  of  the  sky  are  less 
likely  to  occur  during  the  series  of  observations.  Having  determined  the  relative 
brightness  of  the  sky  with  respect  to  the  limbs  where  the  rotation  spectra  are  taken 
from,  varying  exposures  on  the  sky  are  superimposed  on  the  regular  exposures  of 
the  latter.  By  measuring  the  displacements  on  these  blended  spectra  it  is  possible 
to  find  the  effect  of  sky  spectrum  on  the  ordinary  rotation  plates.  The  decreasing 
values  of  the  velocity-equivalent  of  the  displacement  are  plotted  as  ordinates  with 
the  values  of  the  ratio  of  the  intensities  of  sky  spectrum  to  rotation  spectrum  as 
abscissae;  the  asymptote  to  this  curve  will  be  the  true  value  of  the  velocity-equiv- 
alent of  the  displacement  caused  by  the  rotation,  and  the  amount  that  this  is  lessened 
on  account  of  the  sky  spectrum  present  on  the  regular  rotation  spectra  is  easily 
determined  when  the  time  of  the  latter  exposure  is  known. 

Though  a  number  of  plates  were  made  only  one  has  so  far  been  measured,  and 
it  is  sufficient  to  show  that  the  effect  of  sky  spectrum  on  the  most  transparent  day 
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is  very  small.  The  results  are  shown  in  the  Table  and  in  Figure  14.  Further 
measurements  will  be  made  to  ascertain  exactly  the  relation  existing  between 
the  lessening  of  the  displacements  due  to  sky  spectrum  and  the  relative  intensities 
of  the  two  spectra  for  the  varying  displacements  of  the  different  latitudes,  after 
the  errors  of  measurement  of  the  displacement  are  under  careful  control. 


2 

c 


170 

 ( 

>  ' 

) 

 1, 

i  

1-65 

1-60 

1-55 

•0 

1  0 

2  -0 

3  0 

4-  0 

5  0 

6  -0 

7  -0 

9  o 

S 

Ratio  of  intensities  of  overlapping  sky  and  rotation  spectra. 
Fiq.  14.— The  Effect  of  Sky  Spectrum  on  the  Measurements  of  the  Solar  Rotation. 


The  Effect  of  Sky  Spectrum  in  lessening  the  Measured  Dibphcements  of  the  Spectrum 
Lines  caused  by  Rotation  at  the  Solar  Equator. 


Rotat 

ion  Exposure 

1  minute 

1  minute 

1  minute 

1  minute 

1  minute 

Skv  Exposure 

1  minute 

1  minute 

2  minutes 

4  minutes 

8  minutes  ] 

Ratio,  Sky : 

Rotation 

001 

0-01 

0  02 

0-04 

O-OS 

Line. 

d 

V 

d 

t> 

d 

V 

d 

V 

d 

D 

1,  La. 

2, 

4196-699 

818 

1 

794 

747 

1 

638 

771 

1 

691 

775 

1 

699 

752 

1 

649 

2,  CN, 

2, 
2, 

4197-257 

769 

1 

686 

809 

1 

774 

758 

1 

662 

783 

1 

717 

710 

1 

557 

3,  CN, 

4216-136 

773 

1 

687 

762 

1 

663 

793 

1 

731 

74S- 

1 

633 

674 

1 

471 

4,  Mn, 

37, 

4220-509 

749 

1 

633 

773 

1 

685 

755 

1 

646 

790 

1 

723 

763 

1 

664 

5,  Fe, 

3, 

4225-619 

709 

1 

544 

666 

1 

450 

777 

1 

692 

705 

1 

535 

726 

1 

581 

6,  Fe, 

2, 

4232-887 

745 

1 

620 

76S 

1 

670 

756 

1 

644 

749 

1 

628 

690 

1 

500 

7,  Fe-Zr, 

2, 

4241-285 

769 

668 

773 

1 

677 

778 

1 

688 

786 

1 

705 

752 

1 

632 

8,  5c, 

5?, 

4246-996 

762 

i 

651 

774 

1 

677 

74S 

1 

621 

743 

1 

610 

741 

1 

606 

9,  Mn, 

2 

4257-815 

74S 

1 

617 

760 

1 

643 

797 

1 

722 

780 

1 

6S6 

702 

1 

517 

10,  Fe, 

2, 

4258-477 

856 

1 

850 

872 

1 

884 

777 

1 

679 

800 

1 

729 

735 

1 

588 

11,  Mn, 

2, 

4266  081 

736 

1 

588 

739 

1 

594 

757 

1 

633 

746 

1 

609 

733 

1 

581 

12,  Fe, 

2, 

4268-915 

759 

1 

636 

811 

1 

748 

795 

1 

714 

771 

1 

662 

740 

1 

595 

13,  Zr, 

2, 

4276-836 

764 

1 

644 

765 

1 

646 

767 

1 

650 

768 

1 

653 

717 

1 

543 

14,  Ti, 

1, 

4290-377 

800 

1 

716 

764 

1 

639 

777 

1 

667 

S15 

1 

748 

742 

1 

592 

15,  Fe, 

2, 

4291-630 

804 

1 

724 

768 

1 

647 

781 

1 

675 

803 

1 

722 

757 

1 

623 

Means 

1 

671 

1 

670 

1 

674 

1 

671 

1 

580 

Note. — The  intensity  of  the  limb  of  the  sun  was  approximately  100  times  as  great  as  that  of 
the  sky  when  the  exposures  whose  measurements  are  given  in  the  Table  were  made.  The  mean 
values  of  »for  the  different  values  of  the  ratio,  Sky:  Rotation  intensity  are  plotted  in  the  accom- 
panying Figure  14.  It  would  appear  that  somewhere  between  the  values,  0  04  and  0  08  of  the 
ratio  of  the  intensities  of  the  two  spectra  the  weaker  begins  to  affect  the  measurements  of  the 
stronger  spectrum.  The  measurements  of  the  second  column  are  a  repetition  of  those  of  the  first. 
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The  method  employed  here,  namely,  the  blending  of  known  spectra  in  known 
way.s  and  measuring  the  resultant  lines,  would  yield  results  of  considerable  value 
in  the  solution  of  certain  astrophysical  problems  in  which  the  question  of  blended 
spectra  is  an  important  one.  By  suitably  blending  the  spectra  under  consideration, 
or  similar  spectra,  definite  laws  could  be  established  connecting  the  positions, 
characters  and  intensities  of  spectra  and  of  individual  lines  with  the  measured 
positions  of  the  blended  spectrum  lines,  which  could  be  applied  to  the  problem 
investigated.  Such  data  are  necessary  in  making  a  complete  solution  of  the  follow- 
ing important  problems: 

(1)  The  more  minute  investigation  of  the  spectra  of  stars  the  peculiar  results 
from  the  measurements  of  which  have  been  explained  by  the  blending  of  two  or 
more  spectra  known  or  suspected  to  be  present. 

(2)  The  determination  of  the  rates  of  rotation  of  stars  which  has  been  sug- 
gested possible  in  the  case  of  eclipsing  variables*  by  studying  spectra  taken  at 
various  stages  of  the  eclipse.  Though  there  are  many  difficulties  in  the  way  of 
this  problemf  one  of  the  first  things  to  consider  is  the  blending  of  spectra  which  in 
general  would  occur. 

(3)  The  investigation  of  the  question  of  the  presence  of  an  independently 
moving  haze  or  envelope  between  the  observer  and  the  source  of  light — a  problem 
which  occurs  in  the  investigation  of  the  sun  and  of  variable  stars,  and  for  solving 
which,  data  concerning  blended  spectra  are  necessary. 

It  thus  appears  that  the  study  of  arbitrarily  blended  spectra  would  yield  pro- 
fitable and  necessary  results.  In  connection  with  the  solar  work  I  hope  to  make 
such  arbitrary  measurements  by  blending  the  spectra  from  the  centre  of  the  disc 
and  limb  at  the  equator  to  find  any  general  laws  connecting  the  amount  of  displace- 
ment, intensities  of  the  two  spectra  and  character  of  the  spectral  lines,  with  the 
measured  positions  of  the  lines. 

6.  Convection  in  the  Atmosphere  of  the  Sun. 

The  question  of  convection  in  the  atmosphere  of  the  sun  or  of  a  star  is  one  of 
very  great  importance.  In  our  present  theories  of  their  constitution  convection 
currents  play  a  vital  part.  They  must  operate  ceaselessly  in  all  stellar  atmospheres 
to  maintain  radiation;  and  variations  in  the  latter  may  be  reasonably  attributed 
to  changes  in  the  convection  currents  supplying  it.  So  much  impressed  was  I 
by  this  idea,  that  in  a  paper  entitled  "Convection  and  Stellar  Variation,"  read 
before  the  Royal  Astronomical  Society  of  Canada,t  in  March  1909,  and  before 
the  Royal  Society  of  Canada§  in  May  of  the  same  year,  I  attempted  to  explain  in 
this  maimer  certain  general  conclusions  from  the  photometric  and  spectrometric 
data  of  variable  stars.  A  quotation  from  this  paper  will  briefly  present  views 
discussed  there: 

"It  is  supposed  that  the  star  is  a  body  condensing  under  the  action  of  gravity 
and  developing  great  quantities  of  heat  which  give  rise  to  rapid  radial  convection 
currents  bearing  masses  of  hot  gases  from  within  and  cooler  and  condensed  materials 
back  to  the  interior,  and  that,  in  the  absence  of  disturbing  agents,  a  "kinetic 
equilibrium"  is  established  resulting  in  a  steady  and  practically  constant  total 
emission  of  light  by  the  star.  Since  the  radiation  from  the  star  depends  on  the 
velocity  and  character  of  its  convection  currents,  any  change  in  these  convections 
causes  a  change  in  the  heat  and  light  emitted.  Consequently,  to  account  for  the  var- 
iations in  the  light  of  some  stars,  it  is  assumed  that  there  are  changes  in  the  convec- 
tion currents  of  the  stars  caused  by  the  changing  action  of  disturbing  agents. 

*  J.  Miller  Barr,  Jour.  Roy.  Astron.  Soc.  Can.,  3,  50.    George  Forbes,  M.N.,  LXXI,  578. 

t  Frank  Schlesinger,  Pub.  Allegheny  Obs.,  I.,  134;  M.N.  LXXI.,  719. 

t  Journ.  Roy.  Astron.  Soc.  Can.,  III.,  344-355. 

§  Trans.  Roy.  Soc.  Can.,  Series  III.,  Vol.  III.,  Sec.  III.,  227-236. 
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"The  nature  of  these  convection  currents  is  revealed  to  some  extent  by  the 
study  of  the  sun's  atmosphere.  Short-exposure  photographs  of  parts  of  the  sun's 
surface  taken  on  a  large  scale  at  intervals  of  less  than  a  minute  apart  by  S.  Cheva- 
lier* show  that  the  granulation  of  the  photosphere  is  undergoing  very  rapid  change, 
and  we  may  attribute  this  to  the  rapid  radial  currents  which  exist  throughout  the 
entire  atmosphere  of  the  sun.  The  spots,  faculae  and  prominences,  which  may  be 
regarded  as  accentuated  developments  of  the  general  currents,  change  continuously 
and  frequently  exhibit  great  velocities  in  their  radial  and  transversal  movements. 
The  number  and  areas  of  these  disturbed  regions  vary  in  a  period  of  average  length 
about  11.2  years,  and  in  about  the  same  period  the  regions  in  which  the  spots  are 
most  abundant  change  in  latitude  in  the  north  and  south  hemispheres.  It  is  not 
yet  known  whether  the  convection  currents  over  the  entire  surface  of  the  sun 
vary  periodically,  yet  at  least  the  enlarged  convections  or  their  results — if  we  may  so 
term  the  spots,  faculae  and  prominences — undergo  periodic  variations  causing 
changes  in  the  radiation  from  the  regions  affected.  Now  although  these  changes 
may  not  be  great  enough  to  modify  seriously  the  total  radiation  of  the  sun,  never- 
theless in  the  case  of  variable  stars  we  may  assume  that  similar  changes  on  a 
larger  scale  account  for  the  light-variations."  .  .  .  The  paper  then  goes  on  to 
discuss  the  possibility  of  "induced"  actions  resulting  from  disturbances  in  a  stellar 
atmosphere,  the  different  effects  for  different  gases,  and  the  shifts  in  spectral  lines 
resulting  from  changes  in  convection — it  being  assumed  that  the  ordinary  heat 
convections  are  accompanied  and  supplemented  by  electrical  convections  and 
changes  in  the  positions  of  electrical  discharges  or  glows  to  account  for  the  largest 
changes  in  wave-length ;  then  in  the  light  of  this  theory  the  different  classes  of  vari- 
ations of  stars  are  discussed. 

As  will  be  seen  from  the  context  I  regarded  the  question  as  to  "whether  the  con- 
vection currents  over  the  entire  surface  of  the  sun  vary  periodically"  as  one  of  great  im- 
portance, and  I  wish  to  emphasize  here  the  necessity  of  investigating  this  subject 
of  convection  in  the  solar  atmosphere,  and  to  urge  that  it  be  added  to  our  pro- 
gramme of  work  with  the  solar  spectrograph. 

While  preparing  the  above-mentioned  paper  I  made  plans  for  commencing 
the  investigation  of  general  solar  convection  currents,  but  during  the  year  1909  the 
work  with  the  spectrograph  was  confined  to  the  problem  of  the  solar  rotation  and 
numerous  incidental  tests,  employing  the  old  grating  which  yielded  such  poor 
results;  this  work  was  continued  in  1910  with  new  and  better  gratings,  so  that  it 
was  not  until  December  1910  that  I  made  the  attempt  to  take  plates  of  the  con- 
vection effects.  However  I  succeeded  in  taking  only  one  plate,  L626,  which  was 
underexposed,  and  as  this  work  seemed  to  interfere  with  the  work  on  the  solar 
rotation  it  was  abandoned  until  a  more  favorable  opportunity  presented  itself. 
The  method  which  I  proposed  to  use  consisted  in  taking  side  by  side  and  simul- 
taneously, spectra  from  various  points  on  the  sun's  surface  which  lie  in  the  plane 
containing  the  centre  of  the  earth  and  the  axis  of  the  sun,  and  which  therefore  give 
no  displacement  of  the  spectrum  lines  due  to  the  sun's  rotation;  measurements  of 
the  changes  in  wave-length  in  these  plates  would  give  data  for  calculating  the 
magnitude  of  the  convection  velocities,  though  it  might  be  involved  with  such 
considerations  as  blended  spectra,  pressure,  etc.  The  region  selected  for  L626  was 
at  the  D  lines  where  it  was  thought  the  presence  of  the  earth's  atmospheric  lines 
would  be  useful  in  eliminating  instrumental  errors  and  certain  errors  of  measure- 
ment. The  apparatus  necessary  is  a  reflecting  prism  arranged  so  as  to  reflect  the 
light  from  any  point  inside  the  limb  of  the  sun  to  another  prism  placed  above  the 
slit  so  as  to  direct  this  light  through  the  slit  to  the  grating;  at  the  same  time  light 


*  Astrophysical  Journ.,  27,  12-24,  1908. 
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from  the  centre  of  the  sun's  disc  goes  directly  through  the  slit  and  the  spectra  from 
the  two  points  are  photographed  side  by  side  so  that  the  relative  wave-lengths  may 
be  determined.  Half  of  the  prism  system  employed  in  the  solar  rotation  work 
would  serve  for  this  purpose  with  possibly  a  longer  rack  for  the  limb  prism.  It 
may  be  that  the  magnitudes  of  the  velocities  exhibited  by  the  ordinary  absorption 
lines  may  not  be  large  enough  for  my  purpose;  in  that  case  I  would  employ  the 
high-level  lines  H  and  K  which  have  in  the  meantime  been  investigated  by  Charles 
E.  St.  John.*  The  results  he  has  found  regarding  the  convectional  movements  of 
the  vapors  producing  the  various  components  of  these  lines  are  in  striking  accord 
with  the  theories  presented  in  my  paper  on  "Convection  and  Stellar  Variation" 
quoted  above.  For  example  he  finds  that:  "The  calcium  vapor  producing  the  ab- 
sorption line  A",  in  the  solar  spectrum  has  a  descending  motion  over  the  general 
surface  of  the  sun  of  1.14  km.  per  second  in  the  mean,"  and  "The  calcium  vapor 
to  which  the  bright  emission  line  A".,  is  due  has  an  ascending  motion  over  the  general 
surface  of  the  sun  of  1.97  km.  per  second  in  the  mean."  Now  if  on  investigation 
such  velocities  be  found  to  vary  over  the  sun-spot  period,  the  "convection  theory" 
of  the  variability  of  stars  would  receive  some  confirmation;  but  even  if  these  results 
do  not  turn  out  as  I  hope  they  will,  yet  they  will  be  of  sufficient  importance  to  war- 
rant the  carrying  out  of  the  investigation,  for  the  solution  of  other  solar  problems  is 
not  complete  without  recognition  of  the  effects  of  convection. 

I  wish  to  suggest  therefore  that  the  programme  of  solar  research  be  widened 
to  include  a  thorough  investigation  of  the  general  convections  in  the  solar  atmos- 
phere and  any  periodic  changes  that  may  take  place  in  them,  and  that  the  necessary 
conveniences  be  provided  soon  to  take  advantage  of  the  present  sun-spot  minimum 
and  the  sudden  rise  to  maximum  which  is  likely  to  follow.  It  seems  to  me  that  the 
problem  of  the  solar  rotation — at  present  the  main  solar  problem  under  investiga- 
tion here — should  be  studied  simultaneously  with  convection  effects,  pressure 
effects,  sky  spectrum  and  blended  spectra,  and  the  incidental  errors  of  measure- 
ment, for  results  may  be  obtained  from  the  former  investigation  which  would  be 
inexplicable  without  data  of  these  other  effects  obtained  simultaneously;  and,  as 
suggested  in  the  last  report,  a  more  perfect  photography  of  the  sun  should  be  m.ide 
with  the  aid  of  the  reflecting  telescope. 

7.    The  Effect  of  Air  Currents  in  Spectrographs. 

During  the  latter  part  of  the  autumn  of  1910,  a  puzzling  annoyance  was  en- 
countered while  working  with  the  solar  spectrograph:  the  image  of  the  spectrum 
became  disturbed  from  time  to  time :  the  disturbance  resembled  that  which  resulted 
from  tapping  the  spectrograph  gently  or  from  kicking  the  cement  piers  on  which 
it  rested:  the  trouble  was  greater  on  bright  frosty  days  when  the  sun  spectrum 
was  examined,  than  it  was  at  any  time  during  a  couple  of  weeks  of  warmer,  cloudy 
and  rainy  weather  when  the  spectrum  from  a  carbon  arc  was  examined:  on  several 
occasions  marked  disturbances  were  observed  simultaneously  with  the  sound  of 
slamming  doors  or  of  heavy  waggons  rumbling  on  the  road  above  the  tunnel  in 
which  one  end  of  the  spectrograph  is  placed. 

The  definition  of  the  spectrum  was  so  much  impaired  by  the  disturbance  that 
for  a  month  no  satisfactory  spectra  could  be  photographed.  We  had  great  difficulty 
in  finding  the  cause  of  the  trouble.  The  fact  that  Dr.  Klotz  recorded  marked 
microseisms  on  two  of  the  frosty  bright  days  when  the  disturbance  was  excep- 
tionally great,  made  us  suppose  that  it  might  be  due  to  some  earth  waves  accom- 
panying those  recorded  on  the  seismograph.  The  vibrations  caused  by  the  ma- 
chinery in  the  machine-shop  adjoining  were  also  suspected,  but  stopping  the 
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machinery  did  not  affect  the  disturbance.  Truss-rods  were  placed  on  the  spectro- 
graph, but  though  they  gave  it  necessary  strengthening,  they  did  not  lessen  the 
trouble.  Finally  one  day  when  the  cold  currents  blowing  in  under  a  door  near  the 
grating  end  of  the  spectrograph  were  exceptionally  strong,  it  occurred  to  me  that 
the  disturbance  might  be  due  to  cold  air  passing  into  the  spectrograph  and  over 
the  face  of  the  grating,  and  sure  enough  this  last  guess  proved  to  be  right,  Mr. 
Plaskett  observing  the  effect  on  the  next  bright  day  when  the  sun  spectrum  was 
examined.  By  observing  the  face  of  the  grating  without  the  eye-piece  used  in 
examining  the  spectrum,  waves  were  seen  to  be  passing  over  it  suggesting  the  ap- 
pearance of  a  volcano. 

The  greatest  effect  was  caused  by  the  cold  air  from  the  room  which  was  sud- 
denly cooled  by  opening  the  doors  leading  to  the  coelostat-house  to  admit  the  light 
from  the  reflector;  this  cold  air  fell  through  a  small  hole  which  had  been  placed 
directly  above  the  face  of  the  grating  when  some  additions  were  made  to  the  spectro- 
graph earlier  in  the  autumn.  In  the  most  extreme  cases  the  room  was  chilled  to  a 
temperature  from  10°  to  15°  C.  lower  than  that  in  the  spectrograph,  and  the  initial 
influx  of  air  to  the  latter  was  so  great  as  to  utterly  ruin  the  definition  of  the  spec- 
trum. This  effect  is  illustrated  in  the  accompanying  Figure  15,  which  is  taken  from 
plate  L621,  II  order,  a  5600,  and  reproduces  a  sharply  defined  rotation  spectrum 
taken  in  the  absence  of  air  currents  in  the  spectrograph — a  condition  secured  by 
plugging  the  holes  in  the  spectrograph  with  felt — and  a  poorly  defined  spectrum 
taken  immediately  afterwards  while  air  currents  were  passing  over  the  face  of  the 
grating.  These  currents  were  caused  by  leaving  the  doors  open  for  five  minutes 
and  allowing  the  room  to  cool  from  20°  to  12°  C.  and  then  removing  the  plugs  of  felt 
from  the  holes  in  the  spectrograph  near  the  grating.  This  of  course  represents  an 
extreme  case,  but  it  will  serve  all  the  better  as  a  warning  to  those  who  are  likely 
to  meet  with  the  same  trouble  in  employing  spectrographs  of  the  closed-in  type. 

The  disturbance  was  eliminated  by  lining  the  spectrograph  with  felt,  and  by 
putting  a  double  box  around  the  grating  end  of  the  spectrograph,  lining  it  and 
plugging  all  holes  with  felt  and  cotton  waste.  Conditions  were  further  improved 
by  putting  a  pane  of  plate-glass  in  one  of  the  doors  leading  out  to  the  coelostat- 
house,  thus  making  it  possible  to  get  light  from  the  reflector  to  the  spectrograph 
without  cooling  the  room. 

The  above  observations  are  recorded  in  the  hope  that  others  who  are  engaged 
in  spectroscopic  work  may  avoid  the  troubles  we  have  experienced.  In  the  use  of 
stellar  spectrographs,  it  seems  to  me,  there  is  a  danger  of  similar  effects  from  air 
currents.  The  spectrograph  is  usually  kept  a  few  degrees  warmer  than  the  room 
in  which  it  is  used  by  an  electrically  controlled  and  heated  thermostat,  and  the  re- 
sulting convection  currents  may  cause  a  slight  effect;  anil  further,  cold  air  leaking 
in  through  the  narrow  slit  may  slightly  impair  the  definition  of  the  spectrum  and 
greatly  lessen  its  intensity  on  account  of  the  changes  in  refraction  which  would 
cause  some  of  the  light  passing  through  the  slit  to  be  deviated  so  that  it  would 
not  fall  on  the  collimating  lens  and  prisms.  The  point  could  easily  be  tested  and 
if  the  effects  were  present  they  could  be  removed  by  placing  a  thin  piece  of  plate- 
glass  over  the  slit,  or  immediately  under  it. 

8.  Distortion  and  Dispersion  of  the  Solar  Image  by  the  Earth's  Atmosphere. 

Some  marked  effects  of  distortion  and  dispersion  of  the  sun's  image,  produced 
by  the  terrestrial  atmosphere,  have  been  noticed  from  time  to  time  while  working 
with  the  reflecting  telescope  and  while  taking  the  daily  photograph  of  the  sun  with 
the  equatorial  telescope  and  solar  camera.     These  effects  are  most  pronounced 
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din  ing  the  winter  months  when  the  declination  of  the  sun  is  least.  On  one  occasion 
when  the  definition  produced  by  the  reflector  was  excellent,  the  following  measure- 
ments of  these  effects  were  made.  The  angles  refer  to  the  readings  on  the  gradu- 
ated circular  front  of  the  solar  spectrograph,  corresponding  to  the  direction  of  the 
diameter  of  the  solar  disc  measured;  the  "diameter  over  all"  includes  the  colored 
part  due  to  the  spectrum,  and  "diameter  over  white"  is  the  diameter  leaving  out 
the  red  and  blue  edges  of  the  image. 

Angle  260°,  "East  and  West  line"  Diameter  over  all   230  0  mm. 

Diameter  over  white   228-0 

Angle  170°,  "North  and  South  line"  Diameter  over  all   226-0 

Diameter  over  white   224-8 

Angle  300°,  "No  color  line"  Diameter   232-0 

Angle  305°,   Diameter  over  all   231-0 

Diameter  over  white   230-8 

Angle  210°-215c,  Direction  of  Spectrum  Diameter  over  all   224-0 

Diameter  over  white   222-0 

Hence,  the  length  of  the  spectrum  is   2-0 

The  greatest  diameter  of  the  monochromatic  image  is  perpendicular  to  the  direction 

of  the  spectrum,  and  equal  to   232-0 

The  least  diameter  of  the  monochromatic  image  is  along  the  direction  of  the 

spectrum,  and  equal  to   223-0 

Hence,  the  distortion  effect  is   9-0 

The  observations  were  made  December  12,  1910,  3:35 — 3:50  p.m.  The  day  was 
particularly  calm  and  cold,  and  fairly  stable  layers  at  different  temperatures  may 
have  existed  in  the  atmosphere. 

From  the  above  measurements  it  will  appear  that  when  the  sun  is  low  it  is  not 
safe  to  make  observations  where  a  knowledge  of  the  position  of  the  points  on  the 
sun  observed  is  essential;  during  the  winter  months  observations  should  be  made 
about  the  noon  hour,  when,  unfortunately,  the  coelostat-house  is  in  shadow.  Further* 
more  the  photographs  of  the  sun  taken  in  the  wrinter  time  should  be  made  as  near 
noon  as  possible.  Is  it  possible  that  small  effects  similar  to  those  noted  here,  may 
have  affected  the  investigations  which  have  been  made  to  detect  any  changes  in 
the  diameters  of  the  sun?  I  understand  that  correction  for  atmospheric  refrac- 
tion has  been  made  in  the  ordinary  way,  but  may  there  not  have  been  present 
frequent  minute  irregular  distortion  effects  operating  so  as  to  increase  the  probable 
errors  of  the  measurements  greatly  and  thus  discouraging  attempts  to  detect  the 
most  minute  changes?  It  appears  that  the  question  has  been  abandoned  even 
though  Poor's  investigations — in  spite  of  the  large  probable  errors  present- 
seemed  to  indicate  periodic  changes  in  the  diameters  of  the  sun. 

9.  Suggestions  for  Future  Work  and  New  Apparatus. 

A  brief  outline  will  here  be  given  of  suggestions  I  wish  to  make  relating  to  fut  are 
work  and  new  apparatus,  the  necessity  for  some  of  which  has  been  discussed  in  the 
preceding  part  of  this  report,  Nearly  all  of  these  suggestions  while  having  a  direct 
bearing  on  the  problem  of  the  solar  rotation,  relate  to  questions  important  in  them- 
selves. 
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(a)  Solar  Rotation  and  Related  Work. — In  the  foregoing  Report  I  have  shown 
the  necessity  of  determining  the  slight  effects  on  the  measurements  of  the 
rate  of  the  solar  rotation  caused  by  the  following: — Errors  of  Measurement, 
Sky  Spectrum,  Convection  and  Pressure.  I  have  pointed  out  methods  of 
determining  these  effects.  In  this  connection  the  "rotation  plates"  could  be 
made  more  valuable  by  including  a  simultaneous  exposure  on  the  centre  of  the 
sun;  this  could  be  done  with  very  little  extra  trouble.  It  might  be  advisable  to 
alter  the  present  unsymmetrical  configuration  of  the  spectra  (which  consists  of 
two  exposures  from  one  limb  and  one  from  the  other)  and  have  two  strips  of  spec- 
trum from  each  limb,  with  a  narrow  strip  from  the  centre  in  between  each  set. 
Two  settings  on  the  line  in  each  strip — 10  settings  in  all — would  yield  information 
regarding  pressure  and  convection  effects  and  would  give  more  data  for  the  deter- 
mination of  the  rate  of  the  solar  rotation  than  is  given  by  the  8  settings  to  a  line  in 
the  three  strips  of  spectrum  now  used.  The  labor  and  time  of  making  the  settings 
can  be  much  lessened,  and  the  accuracy  in  recording  them  can  be  put  beyond 
question,  by  employing  an  automatic  register  of  the  settings.  I  have  devised 
a  simple  photographic  method  (see  below)  of  accomplishing  this. 

(b)  Periodic  Changes  in  the  Velocity  of  the  General  Convection  Currents  in  the 
Solar  Atmosphere. — As  mentioned  in  the  preceding  part  of  the  Report,  I  have 
raised  the  question — in  a  paper  entitled,  "Convection  and  Stellar  Variation" 
(loc.  cit.)—as  to  periodical  changes  in  the  convection  currents  in  the  solar 
and  stellar  atmospheres  and  the  bearing  of  such  changes  on  the  variation 
of  solar  and  stellar  radiation.  I  regard  the  question  as  a  very  important  one, 
and  it  seems  to  me  that  much  light  can  be  thrown  on  the  general  problem 
by  a  study  of  the  solar  convection  currents.  Apart  from  its  own  importance 
it  may  have  an  important  bearing  on  the  problem  of  the  solar  rotation.  It 
is  quite  possible  that  a  thorough  knowledge  of  the  convectional  movements — 
their  velocities  and  magnitudes — in  the  sun's  atmosphere,  may  provide  the 
key  to  unlock  the  mystery  of  the  greater  angular  velocity  of  the  lower  latitudes. 
Indeed,  it  does  not  take  a  very  great  stretch  of  the  imagination  to  conceive 
that  the  rotation  of  stars  and  the  consequent  throwing  off  of  satellites,  may 
have  been  developed  by  the  growth  of  convection  currents  fed  by  the  energy 
liberated  during  the  condensation  under  the  action  of  gravity  of  matter  initially  in 
a  very  tenuous  condition. 

I  would  therefore  urge  that  time  and  equipment— very  little  extra  apparatus 
is  needed  to  start  the  work — be  granted  me  for  the  investigation  of  the  general  solar 
convection.  Very  likely  the  motions  of  the  ordinary  absorbing  gases  are  not  rapid 
enough  to  cause  a  suitably  large  displacement  for  measurement,  and  particularly 
for  detecting  changes  in  velocity.  Adams,  in  his  comparisons  of  the  centre  and 
limb  of  the  sun,  finds  a  slight  displacement  which  he  attributes  to  pressure,  but 
which  in  the  absence  of  a  very  accurate  laboratory  comparison  could  be  ascribed 
to  convection.  However,  the  more  rapidly  moving  high-level  vapors  of  Calcium 
and  Hydrogen  can  be  investigated  from  their  emission  and  absorption  lines,  and 
their  velocities  are  sufficiently  large  (as  St.  John  has  recently  shown,  for  Calcium, 
loc.  cit.)  to  make  it  possible  to  detect  periodic  changes  of  1  per  cent,  or  more.  In 
such  work  it  is  essential — as  I  pointed  out  in  the  last  Report — to  photograph 
simultaneously,  a  gaseous  absorption  comparison  spectrum  produced  by  tubes  of 
gas  of  known  pressure. 

(c)  Proposed  New  Arrangement  of  Reflecting  Prisms  for  the  Solar  Rotation  Work. — ■ 
By  using  the  arrangement  of  the  central  reflecting  prisms  of  the  solar  rotation 
apparatus  shown  in  Figure  16,  the  resulting  "rotation  plates"  will  be  consider- 
ably more  valuable  than  the  ones  taken  at  present.    By  this  arrangement  two 
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sets  of  rotation  spectra  are  photographed  simultaneously  with  the  spectrum 
from  the  centre  of  the  sun's  disc;  the  width  over  all  of  the  five  strips  and  spaces 
between  them  could  be,  conveniently,  about  5  mm.  In  measuring  these  spectra, 
two  or  three  settings  to  a  line  in  each  strip  would  be  sufficient.  From  the  double 
set  of  rotation  measures  it  would  perhaps  be  possible  to  cast  out  honestly,  very 
discrepant  individual  measures  occurring  in  only  one  of  the  sets  and  independent 
values  for  each  limb  could  be  determined;  and  comparisons  wnth  the  spectrum 
from  the  centre  of  the  solar  disc  could  be  made  to  determine  the  effects  of  pressure 
and  convection.  Likewise  changes  in  the  character  of  the  lines  between  centre  and 
limb  would  be  recorded.  Since  the  tips  of  the  prisms  are  rather  thin,  difficulty 
might  be  experienced  in  grinding  them  out  of  a  solid  piece  of  glass:  in  that  case  they 
could  be  made  from  strips  of  glass  of  the  required  thickness  cemented  to  a  central 
block  of  glass,  for  convenience  of  adjustment. 
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Fio.  16. — A  proposed  arrangement  of  Reflecting  Prisms  for  the  Solar  Rotation  Apparatus. 

(d)  Photographic  Method  for  Recording  Micrometer  Readings. — To  lessen  the 
labor  involved  in  the  measurements  of  the  spectrum  line  displacements  on  the 
"rotation  plates,"  and  to  increase  the  accuracy  of  these  measurements  I  have 
devised  a  photographic  method  of  recording  the  readings  on  the  drum  of  the 
micrometer.  I  understand  that  the  printing  method  which  has  been  used  for 
this  purpose*  would  be  very  expensive  if  applied  to  the  large  Toepfer  measuring 
machine;  but  I  think  the  following  apparatus  could  be  constructed  at  much  less 
expense.  The  apparatus  would  consist  essentially  of  a  small  short  focus  camera 
provided  with  an  automatic  shutter,  and  a  key  (similar  in  action  to  a  typewriter 
key)  which  when  pressed  after  a  setting  had  been  made,  would  release  the  camera 
shutter,  and  which  when  released  would  shift  the  film  or  plate  in  the  camera  over 
a  suitable  distance  for  the  next  exposure.  The  camera  would  be  set  up  so  as  to 
photograph  the  reading  on  the  silvered  micrometer  drum  which  would  be  illumin- 
ated by  artificial  light  of  sufficient  intensity  to  give  a  good  exposure  in  say  half  of  a 
second  as  regulated  by  the  automatic  shutter.  Suitable  masks  would  be  employed 
so  that  only  the  necessary  part  of  the  scale  on  the  drum  would  appear  on  the  pho- 
tographic plate  or  film.  The  readings  would  be  photographed  on  such  a  small  scale 
that  a  great  number  could  be  placed  on  a  small  plate  or  film,  and  enlarged  prints 
would  be  made  from  the  negative  so  that  the  readings  could  be  readily  determined 


*  Zeit  fur  Instrumentenkunde,  p.  169-173,  1910. 
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without  the  aid  of  a  magnifying  glass.  The  readings  for  each  spectrum  line  would 
be  taken  in  a  row  and  the  plate  or  film  advanced  slightly  for  the  next  row  of  photo- 
graphs. By  using  a  small  plate  in  a  plate-holder  which  could  be  immersed  in  de- 
veloper and  fixer,  the  after  treatment  of  the  plate  could  be  carried  on  during  other 
measurements,  thus  saving  much  time.  The  mechanism  for  shifting  the  plate  from 
reading  to  reading,  and  for  advancing  it  from  row  to  row  could  be  arranged  like 
that  of  a  typewriter  for  shifting  the  platen  from  letter  to  letter,  and  for  advancing, 
it  from  line  to  line.  I  have  discussed  these  details  with  Mr.  Mackey  who  thinks 
he  could  construct  the  apparatus  without  much  difficulty  and  expense,  so  I  would 
suggest  that  it  be  provided  for  use  with  the  large  Toepfer  measuring  engine. 

(e)  Apparatus  for  Removing  Systematic  Errors  of  Measurement. — In  the  preced- 
ing part  of  this  report  I  have  shown  that  there  are  systematic  errors  present  in 
the  measurements  of  the  displacements  of  the  spectrum  lines  in  the  rotation 
plates,  and  that  these  errors  are  due  to  the  configuration  of  the  lines  visible 
in  the  eye-piece  of  the  measuring  machine.  I  suggested  there  methods  of 
eliminating  such  errors.  One  of  these  methods  is  to  make  the  configuration  the 
same  for  the  measurements  of  the  spectrum  line  in  each  of  the  strips  of  spectrum. 
This  can  be  done  by  placing  a  mask  j  ust  above  t  he  photographic  plate  to  be  measured, 
the  mask  to  have  a  slit  just  wide  enough  so  that  one  strip  of  spectrum  may  be  seen 
at  a  time,  and  the  mask  to  be  movable  so  that  the  three  strips  may  be  seen  in  turn. 
Any  influence  on  the  setting  on  any  particular  spectrum  line,  by  what  is  visible  in 
the  eye-piece  will  be  the  same  for  each  strip  and  consequently  the  systematic 
errors  due  to  configuration  will  be  eliminated  in  the  displacement  determined  by 
subtracting  the  readings  for  one  spectrum  from  the  readings  for  the  other.  I 
would  suggest  that  such  an  apparatus  be  fitted  to  the  large  Toepfer  measuring 
machine.  It  could  be  conveniently  attached  to  the  sturdy  arm  supporting  the  micro- 
scope. A  light  frame  holding  the  slotted  slide  which  can  be  moved  between  spring 
stops  bringing  the  slit  above  each  of  the  three  strips  in  turn  by  means  of  a  turning 
handle  on  the  left  side  of  the  eye-piece  support,  is  all  that  is  necessary.  More 
stops  than  three  should  at  the  same  time  be  provided  for  the  measurement  of 
exposures  having  more  than  three  strips  of  spectrum,  and  the  slotted  slide  should 
be  so  mounted  that  it  could  easily  be  moved  out  of  place  in  order  to  see  all  the  strips 
of  spectrum  for  purposes  of  adjustment. 

Photography  of  the  Sun. 

The  photography  of  the  sun  with  the  enlarging  camera  of  the  equatorial  tele- 
scope was  continued  during  the  year,  photographs  being  taken  on  nearly  every 
bright  day.  On  a  number  of  bright  days  when  the  sun  shone  for  just  a  short  time, 
the  photograph  was  missed  because  I  was  working  with  the  solar  spectrograph. 
However,  nothing  of  very  great  importance  was  missed,  it  is  hoped,  because  the  num- 
ber and  size  of  spots  are  fast  declining  to  the  minimum.  Until  nearly  the  end  of 
January  the  photographs  were  taken,  as  they  have  been  from  the  beginning,  on  the 
coarsely  grained  Cramer's  Medium  Isochromatic  plates,  which  are  so  sensitive  to 
the  light  admitted  through  the  "Filtergelb  K"  screen  employed.  For  two  reasons 
the  definition  on  the  photographs  is  not  what  it  should  be:  firstly,  because  minute 
crystals  have  appeared  in  the  Canada  balsam  used  to  stick  the  Filtergelb  plates 
together — probably  due  to  the  action  of  the  sunlight ;  and  secondly,  because  the  grain 
of  the  plates  is  so  coarse.  Through  the  end  of  January  and  February  the  finer- 
grained  though  somewhat  slower  Wellington  Ortho  Process  plates  were  employed; 
while  during  March  the  plates  employed  were  Cramer's  Iso  Process  which  proved 
to  be  of  still  finer  grain  and  nearly  as  fast  as  the  Cramer's  Medium  Isochromatic 
plates  formerly  used. 
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Regarding  the  treatment  of  the  plates  after  being  exposed,  I  would  suggest 
that  arrangements  be  made  for  developing  them  immediately  after  being  taken, 
or  perhaps  two  at  a  time,  rather  than  having  them  accumulate  month  after  month 
as  at  present. 

I  would  again  urge  that  a  camera  be  installed  for  use  with  the  reflecting  tele- 
scope, for  special  photographs  at  least.  For  ordinary  purposes  the  photographs 
taken  as  at  present  may  serve;  but  no  record  of  the  white  spots  and  granulation  is 
made  on  these  plates  owing  to  the  fact  that  the  yellow  filter  employed  cuts  off 
the  violet  rays  from  the  Calcium  vapor  to  which  the  brightness  of  the  white  clouds 
in  the  sun's  atmosphere  is  chiefly  due.  Such  a  record  could  be  made  on  Process 
plates  with  the  reflector,  and  these  photographs  taken  at  the  time  when  rotation 
plates  are  made  would  serve  perhaps  to  trace  out  the  cause  of  certain  irregularities 
appearing  in  the  latter,  though  a  spectroheliograph  would  do  this  much  better. 


Laboratory  Work. 

Owing  to  the  pressure  of  other  work,  little  time  was  found  for  work  in  the  labor- 
atory outside  of  the  work  on  testing  developers  for  use  with  the  various  photographic 
plates  employed  in  taking  the  rotation  plates,  the  plating  of  the  mirrors,  and  num- 
erous little  points  occurring  in  connection  with  our  solar  work  and  that  of  other 
members  of  the  staff. 

In  connection  with  the  investigation  of  errors  of  measurement — discussed 
in  the  first  part  of  this  report — I  made  6  plates,  (X,  —  X6),  of  artificial  spectrum 
lines  of  varying  character  and  intensity.  These  artificial  lines  were  made  by  expos- 
ing the  photographic  plate  to  a  small  source  of  light  through  the  double-slit  de- 
scribed above.  In  this  way  emission  lines  displaced  similarly  to  the  displacements 
of  the  absorption  lines  on  the  rotation  plates  were  imitated.  By  making  a  positive 
from  this  plate  the  absorption  lines  were  themselves  represented.  The  double- 
slit  was  placed  close  to  the  photographic  plate  in  a  frame  in  which  the  plate-holder 
could  be  slid  from  exposure  to  exposure.  The  source  of  light  consisted  of 
a  ground  glass  bulb  placed  behind  diaphragms  having  holes  of  different  shapes. 
These  holes  were  made  in  small  slides  which  could  be  readily  interchanged,  and 
their  shapes  controlled  the  character  of  the  imitation  spectrum  lines.  A  rectangular 
opening  gave  a  fairly  uniform  line,  a  diamond  shaped  hole  gave  a  shaded  line,  two 
holes  side  by  side  produced  a  close  double  or  a  blend,  etc.  By  suitably  arranging 
the  openings  any  kind  of  spectrum  line  or  blend  could  be  very  closely  imitated, 
and  either  emission  or  absorption  lines  could  be  produced.  By  means  of  the 
double-slit  adjustments  the  displacements  of  these  lines  and  their  sharpness  could 
be  controlled.  It  was  my  intention  to  obtain  from  these  plates  the  effects  by 
gradual  changes  of  intensity,  character  and  displacement  on  the  systematic  errors 
of  measurement.  However,  I  considered  it  advisable  for  the  first  work  in  the  in- 
vestigation of  errors  of  measurement,  to  find  the  errors  in  the  measurements  of  the 
spectrum  lines  actually  employed  by  us  for  the  determination  of  the  solar  rotation, 
and  of  those  lines  found  by  Adams  to  give  systematic  differences  from  the  mean 
values.  In  connection  with  this  latter  investigation  I  have  devised  means  of  elim- 
inating the  errors,  so  for  the  present  time  I  have  abandoned  the  work  with  the 
artificial  lines,  though  their  measurement  would  probably  reveal  more  readily  than 
any  other  measures  the  general  effects  of  the  various  factors  just  mentioned,  for 
changes  in  the  latter  can  be  so  easily  regulated.  It  might  also  afford  the  easiest 
method  of  determining  one's  tendencies  in  the  measurement  of  blended  spectra, 
for  the  character,  intensity  and  distances  apart  of  the  lines  forming  the  blend  can 
be  controlled  so  perfectly. 
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In  the  last  Report  I  emphasized  the  necessity  of  employing  gaseous  absorp- 
tion spectra  photographed  simultaneously  with  the  Solar  spectra  for  the  purpose 
of  detecting  minute  changes  in  the  latter.  I  plan  to  prepare  tubes  of  various 
gases  and  to  investigate  their  absorption  spectra.  The  colored  gases  such  as  the 
halogens,  peroxides  of  nitrogen,  chromyl  chloride,  etc.,  are  available;  and  possibly 
too,  many  of  the  more  transparent  gases  may  be  used  with  the  long-focus  tele- 
scopes and  spectrographs  now  in  use.  It  is  possible  that  a  long  tube  can  be  filled 
with  several  gases  to  produce  absorption  lines  at  the  various  wave-lengths.  Many 
of  these  gases  should  be  investigated  and  the  wave-lengths  of  the  best  comparison 
lines  determined  accurately.  Furthermore,  it  may  be  practicable  to  use  as  compari- 
son substance  the  vapour  of  a  metal.  The  metal  could  be  heated  in  a  tube  at 
low  pressure  and  the  sun-light  passed  through  it ;  and  if  the  metal  occurred  in 
the  Sun,  the  light  from  one  end  of  the  solar  equator  could  be  passed  through  the 
tube:  with  great  dispersion  the  lines  would  be  shifted  so  much  that  the  fine  lines 
of  the  solar  and  comparison  spectra  would  not  blend. 
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APPENDIX  E. 

DOUBLE  STAR  MEASURES,  OCCULTATIONS,  AND  HALLEY'S  COMET. 

R.  M.  Motherwell,  M.A. 

Double  Star  Measures. 

The  measurement  of  double  stars  has  been  carried  on  as  in  former  years,  but 
the  presence  of  Halley's  Comet  interfered  considerably  with  the  work.  The  quick 
motion  attachment  for  position-angle  has  been  found  very  satisfactory.  Acting 
on  suggestions  from  Prof.  Doolittle  and  Prof.  Fox,  I  am  giving  the  usual  designa- 
tion to  each  star  in  addition  to  its  general  catalogue  number. 
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OCCULTATIONS  OF  STARS  BY  THE  MOON. 


Date. 


Star. 


Phenomenon. 


Limb. 


G.  M.  Time  of 
Observation. 


1910 
August  29  

■ 

September  29. 

tt 

December  10. . 

1911 
January  16  


40  Geminorum 

a 

46  Leonis  

54  B  Ceti!"!! 

7  Leonis  


Disappearance 
Reappearance 
Disappearance 
Reappearance 
Disappearance 


Disappearance 


Bright 

Dark 

Bright 

Dark 

Dark 


Bright 


19 
20 
21 
22 
12 


34 
24 
21 
17 
42 


13-2 

48-  4 

49-  6 
56-3 
01-7 


16   17  12-5 
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Halley's  Comet. 

A  search  for  this  famous  comet  was  begun  here  in  July,  1909,  the  8-in.  photo- 
graphic doublet  being  used.  During  the  latter  part  of  July,  August  and  September, 
exposures  were  made  whenever  the  telescope  was  available  and  the  weather  clear. 
The  plates  were  on  too  small  a  scale,  however,  and  the  discovery  was  made  photo- 
graphically by  Prof.  Wolfe  of  Heidelburg,  on  Sept.  11,  1909.  The  comet  was  first 
seen  here  on  November  9  with  the  15-inch  equatorial,  the  estimated  magnitude 
being  about  13.  The  following  observing  notes  do  not  furnish  a  very  complete 
history  of  the  comet  owing  to  the  unusually  cloudy  weather: 

1909,  Nov.  23 — Estimated  magnitude  12.5;  centre  rather  star-like. 

Nov.  30 — Estimated  magnitude  12.5;  much  the  same  as  on  Nov.  23. 

Dec.  11 — Estimated  magnitude  12. 

Dec.  16 — Same  as  on  Dec.  11 — Diameter  15". 

1910,  Jan.  4 — Exposed  two  hours  with  2  plates;  no  sign  of  a  tail  on  the  negative 

but  side  of  comet  towards  the  sun  was  more  sharply  defined  than  the 

opposite  side.  , 
Feb.  10 — Exposed  lh  40°:  tail  of  |°  showing  on  negative.    Comet  quite 

easily  seen  in  field  glasses  of  power  8. 
Feb.  24 — Much  the  same  as  on  Feb.  10. 

April  12 — First  morning  observation — Very  decided  nucleus  6"  or  7"  in  diam- 
eter— Not  visible  to  naked  eye. 
April  14 — Comet  seemed  brighter  than  on  April  12,  but  sky  was  hazy. 
April  21 — Observed  comet  through  haze. 

April  27 — Saw  comet  with  naked  eye,  1  °  of  tail  being  clearly  visible — about 
3°  visible  in  field  glass. 

April  30 — Magnitude  3.0 — Nucleus  very  star-like — 3°  of  tail  visible  to  eye. 

May  3— Magnitude  about  3.0— About  8°  of  tail  visible  to  eye". 

May  5 — About  same  brightness — 10°  of  tail  visible  to  eye  and  quite  uni- 
form. 

May  9 — 20°  of  tail  visible  to  eye. 
May  14— Tail  over  35°  long. 

May  15— Tail  visible  at  13"  30™  (E.S.T.)  and  head  visible  at  15"  30™ 

(E.S.T.).    Tail  about  50°  long. 
May  16 — Tail  seemed  to  extend  up  to  the  Milky  Way. 
May  18  and  19  were  unfortunately  cloudy. 
May  21 — Comet  visible  in  western  sky — Tail  about  15° 
May  22 — Nucleus  brighter  than  on  21st. 
May  26 — Tail  about  40° — Very  sharp  nucleus. 
May  27— Tail  about  50°. 

May  28 — Had  best  view  of  comet — Tail  about  the  same  as  last  night. 

June  3 — Tail  about  15° — Nucleus  much  smaller. 

June  4 — Tail  about  12° — Magnitude  about  7.5. 

June  8 — Tail  about  6° — Nucleus  not  nearly  so  sharp  as  on  June  4. 

June  9— Tail  about  6°. 

June  10 — Comet  very  faint  owing  to  haze. 

June  28 — Magnitude  about  8.5. 
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*  O  refers  to  the  S-inch  Brashear  Doublet  which  gives  a  field  of  about  11°  on  an  8  x  10  plate. 

*  N  refers  to  a  Zeiss  lens  which  gives  a  field  of  about  40°  on  an  Sx  10  plate.    This  lens  has  a 

speed  of  /3-5. 

a  See  Plates. 
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MEAN*  PLACES  FOR  1909-10  OF  COMPARISON  STARS. 
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Fig.  17. — -Photographs  of  Halley's  Comet. 
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Xo.  6.  Xo 
Fig.  18. — Photographs  of  Halley's  Comet. 
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MERIDIAN  WORK  AND  TIME  SERVICE, 
BY  R.  M.  STEWART,  M.A. 

Ottawa,  Canada,  April  1st,  1911. 

Dr.  W.  F.  King,  C.M.G., 
Chief  Astronomer, 

Dept.  of  Interior, 

Ottawa. 

Sir, — I  have  the  honour  to  report  as  follows  on  the  work  carried  out  under  my 
charge  during  the  fiscal  year  ending  March  31,  1911. 

Regular  observations  with  the  meridian  circle  for  the  measurement  of  right- 
ascensions  were  begun  in  March,  1910.  A  description  of  observing  list,  methods 
of  observation  and  reduction,  and  the  results  of  the  observations  obtained  up  to 
the  close  of  the  calendar  year  1910  will  be  found  below.  The  observers  were  Mr. 
D.  B.  Nugent  and  myself. 

During  the  course  of  the  year  several  alterations  to  the  instrument,  which 
were  necessary  for  the  successful  prosecution  of  zenith  distance  work,  were  car- 
ried out;  it  was  found  possible  to  begin  preliminary  work  in  this  co-ordinate  in 
January,  1911.  Several  pieces  of  work  still  remain  to  be  done  before  the  instru- 
ment will  be  in  first-class  working  order;  progress  on  these  has  been  extremely 
slow;  apparently  the  workshop  is  so  overcrowded  that  it  is  barely  possible  to  keep 
abreast  of  the  urgently  needed  requirements  of  the  moment,  no  time  being  left  for 
the  overhauling  and  improvement  of  instruments. 

As  it  is  more  convenient  to  treat  the  observations  of  a  whole  calendar  year 
together,  the  discussion  of  the  meridian  circle  observations  terminates  with  the 
calendar  year,  1910. 

Observations  were  made  to  determine  the  latitude  and  longitude  of  nine 
stations,  the  most  important  of  these  being  Winnipeg,  whose  longitude  was  de- 
termined from  Ottawa  with  considerable  care.  The  field  observations  were  made 
by  Messrs.  McDiarmid  and  Jaques.  Several  series  of  personal  equation  observa- 
tions were  made,  which  are  discussed  in  detail  below. 

The  time-service  has  been  maintained  as  in  the  past  without  important  change; 
most  of  the  work  in  connection  with  the  up-town  service  has  been  done,  as  in 
previous  years,  by  Mr.  D.  Robertson.  A  statement  of  the  number  of  clocks  in  oper- 
ation will  be  found  below. 

The  Meridian  Circle. 

The  piers  for  the  two  azimuth  marks  have  been  erected,  and  those  parts  of  the 
apparatus  not  yet  obtained  have  been  ordered.  Several  alterations  required  in 
the  meridian  circle  to  fit  it  for  zenith  distance  work  have  been  completed,  and  regu- 
lar work  both  in  right  ascension  and  zenith  distance  has  been  begun,  the  former 
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in  March,  1910,  the  latter  in  January,  1911.  The  observing  list  in  right  ascension 
consisted  of  stars  from  Ncwcomb's  Fundamental  Catalogue  north  of  10°  declina- 
tion together  with  a  number  of  selected  stars  between  70°  and  80°;  the  star-list 
of  the  Berlin  Jahrbuch  was  taken  as  fundamental.  Besides  systematic  differences, 
there  are  occasional  large  discrepancies  between  the  positions  of  individual  stars 
as  given  in  the  two  catalogues;  an  extreme  case  of  this  is  given  by  the  star 
w  Herculis,  where  the  difference  amounts  to  .18  sec;  in  this  case  Newcomb's  posi- 
tion is  undoubtedly  wrong,  the  proper  motion  having  been  apparently  taken  with 
the  wrong  sign.  It  was  desired  to  investigate  these  differences,  as  well  as  to 
establish  a  somewhat  more  extended  star-list  for  use  in  longitude  work.  These 
observations,  comprising  5018  transits,  with  their  reduction  to  mean  place,  are 
given  below.  There  were  in  addition  observations  on  a  number  of  other  nights, 
which  for  various  reasons  have  been  rejected. 

With  the  beginning  of  zenith  distance  work  in  January  a  more  extensive  ob- 
serving list  was  undertaken.  For  a  number  of  years  a  great  need  has  been  felt  for 
an  extended  list  of  declinations  for  latitude  work,  depending  on  observations  of 
recent  date,  and  it  is  hoped  that  these  observations  may  to  a  certain  extent  fill  that 
requirement.  The  observing  list  comprises  those  stars  which  have  been  used  in 
latitude  determinations  by  this  observatory  within  recent  years;  the  list  will  be 
enlarged  from  time  to  time  as  required,  by  the  addition  of  stars  being  actually  used 
in  the  field  work. 

This  report,  however,  so  far  as  a  detailed  discussion  of  the  observations  is  con- 
cerned, deals  only  with  the  calendar  year  1910. 

Azimuth  Marks. — The  piers  for  the  azimuth  marks  were  built  during  the  sum- 
mer of  1910.  Like  the  other  piers,  they  are  constructed  of  concrete,  and  in  general 
form  are  similar  to  the  south  collimator  pier.  The  northern  part  of  each  pier  is 
penetrated  by  a  pit  to  allow  access  to  the  underground  lens  which  serves  as  the  fixed 
mark ;  this  part  terminates  about  two  and  a  half  feet  below  the  top  of  the  pier  proper. 
Through  the  centre  of  the  latter  is  a  vertical  shaft  about  eight  inches  in  diameter, 
extending  down  to  the  level  of  the  bottom  of  the  pit,  into  which  it  opens  by  a  small 
arch;  at  the  bottom  of  the  arch  the  underground  lens  will  be  fastened  to  the  footings 
of  the  pier. 

Provision  has  been  made  for  the  thorough  drainage  of  both  piers;  each  is  sur- 
rounded by  broken  stone  to  about  the  level  of  the  ground,  and  the  footings  are  sur- 
rounded by  a  tile  drain.  In  the  case  of  the  north  pier  this  is  led  to  a  pit  dug  in  the 
gravelly  soil  a  short  distance  away,  there  being  sufficient  slope  to  the  ground  in  the 
immediate  vicinity  to  ensure  natural  drainage  from  this  point.  The  drainage  of 
the  south  pier  is  effected  by  means  of  a  cistern  built  immediately  underneath  that 
part  of  the  pier  which  contains  the  pit  for  access  to  the  underground  mark;  this 
cistern  is  connected  by  a  pipe  to  the  same  power-pump  which  is  used  in  connection 
with  the  cistern  underneath  the  transit  house. 

In  the  absence  of  provision  for  the  immediate  erection  of  the  permanent  stone 
buildings  to  shelter  the  piers,  temporary  wooden  shelters  were  erected,  which, 
though  rather  unsightly  structures,  serve  the  present  purpose  fairly  well.  Electric 
wires  have  been  provided  to  each  shelter  to  furnish  illumination  for  the  marks;  this 
is  controlled  from  the  meridian  circle  room. 

Upon  the  completion  of  the  piers  the  focal  lengths  required  for  the  under- 
ground lenses  were  measured  and  the  lenses  were  ordered.  The  two  six-inch 
collimating  lenses  for  the  azimuth  marks,  and  the  two  three-inch  lenses  to  serve 
as  underground  reference  marks  for  these,  were  received  during  the  course  of  the 
year.    Mountings  for  all  six  lenses,  as  well  as  for  the  azimuth  marks,  were  ordered. 
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Each  of  the  long-focus  collimating  lenses  is  to  be  mounted  on  a  slide  capable  of 
motion  by  a  micrometer  screw  in  the  plane  of  the  prime  vertical;  on  the  same  slide 
will  be  a  mark  consisting  of  a  platinum  wire  parallel  to  the  meridian,  and  also  another 
mark  consisting  of  two  parallel  platinum  wires  to  be  viewed  by  an  eye-piece.  The 
point  midway  between  these  marks,  which  approximately  coincides  with  the  centre 
of  the  collimating  lens,  will  be  in  the  primary  focus  of  the  underground  lens  serving 
as  reference  mark ;  by  the  use  of  a  mercury  basin  underneath  the  latter,  the  same  point 
in  the  collimating  lens  can  be  at  any  time  set  vertically  over  the  optical  centre  of 
the  underground  lens.  A  similar  arrangement  holds  in  the  case  of  the  azimuth 
marks. 

On  account  of  the  small  angle  of  dip  of  the  lines  of  sight  to  the  azimuth  marks 
(one  or  two  degrees),  it  will  be  impossible  to  use  the  ordinary  horizontal  collimators, 
which  would  interfere  with  the  long-focus  lenses.  It  is  hoped  that  eventually  the 
azimuth  marks  themselves  may  be  used  as  collimators,  the  angle  between  them  being 
checked  up  from  time  to  time  by  reversal  of  the  telescope.  Provision  has,  however, 
been  made  for  mounting  the  north  collimator  directly  opposing  the  south  azimuth 
mark,  the  two  to  be  used  in  the  same  wTay  as  the  ordinary  collimators  if  desired. 
Mountings  for  this  purpose  have  been  ordered. 

The  Observing  Room. — Considerable  difficulty  has  been  experienced  with  the 
temperature  of  the  observing  room.  The  walls  of  the  building  are  of  stone,  and  the 
roof  of  concrete;  inside  these  is  a  sheeting  of  galvanized  iron,  an  air-space  of  a 
few  inches  being  left  next  the  walls,  and  of  about  a  foot  beneath  the  roof;  a  number 
of  louvres  are  provided  to  allow  circulation  of  air  in  this  space.  Owing  to  the 
absorption  of  heat  by  the  walls  and  roof  during  the  day,  it  was  found  that  the  tem- 
perature within  the  room  did  not  follow  the  outside  temperature  at  all  satisfactorily, 
even  with  the  roof  shutters  open.  The  effect  of  this  on  observations  of  right  ascen- 
sion would  probably  be  limited  mainly  to  increased  unsteadiness  of  star-images, 
but  in  declination  observations  it  would  probably  introduce  serious  anomalies  of 
refraction.  Two  sixteen-inch  ventilating  fans  have  been  placed  in  the  walls  of  the 
room,  in  the  hope  that  enough  outside  air  might  thus  be  circulated  to  at  least 
partially  remove  the  difficulty;  though  these  were  of  some  assistance  they  did  not 
entirely  remove  the  temperature  difference.  It  is  proposed  to  remove  the  sheet  iron 
covering  inside  the  louvres  and  replace  it  by  doors  which  can  be  left  open  or  closed 
as  desired;  this  will  at  least  allow  a  freer  circulation  of  air,  which  should  alleviate  the 
difficulty. 

Thermometers  and  Barometers. — A  thermograph  has  been  mounted  in  a  louvred 
shelter  a  short  distance  to  the  southwest  of  the  transit  annex;  from  the  records  of 
this  instrument  are  obtained  the  temperatures  for  use  in  the  computations  of 
refraction.  To  determine  its  error  several  comparisons  are  made,  during  the 
course  of  an  evening's  observations,  with  a  mercury  thermometer  mounted  beside  it. 
Incidentally  it  was  found  that  considerable  differences  of  temperature  existed  be- 
tween the  position  of  this  shelter  and  that  of  the  one  used  for  the  platinum  resist- 
ance thermometer  of  the  Callendar  Recorder,  which  is  situated  north  of  the  transit 
annex.  These  differences  were  frequently  irregular  during  the  day,  as  was  to  be 
expected  under  varying  conditions  of  wind  and  sunshine;  during  the  night,  how- 
ever, they  were  more  regular,  the  fall  of  temperature  of  the  northern  one  being 
apparently  retarded  by  radiation  from  the  adjacent  pinery. 

Barometric  heights  are  read  from  the  standard  barometer  (by  Casella)  in  the 
Time  Room;  in  case  of  irregular  variations  interpolations  are  made  with  the  assist- 
ance of  the  records  of  an  adjacent  barograph. 

Instrumental  Changes. — As  mentioned  in  my  last  report,  the  original  mountings 
of  the  microscopes  were  not  sufficiently  rigid.    The  microscopes  were  mounted, 
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not  on  a  continuous  ring,  but  on  separate  arms  extending  radially  from  the  stand- 
ards; slight  distortions  of  these  arms,  presumably  induced  by  temperature  changes, 
were  sufficient  to  render  the  nadir  decidedly  unstable.  In  order  to  stiffen  them  as 
much  as  possible,  two  cast-iron  rings  were  made  and  carefully  fitted  to  the  inner 
ends  of  the  microscope  carriers,  thus  connecting  together  each  set  of  four  micro- 
scopes. Unfortunately  the  construction  of  the  standards  rendered  it  impossible 
to  make  these  rings  in  the  form  of  complete  circles,  the  greatest  length  attainable 
being  270°;  this  no  doubt  causes  the  stiffness  of  the  mounting  to  be  very  much  less 
than  it  otherwise  would  have  been.  However,  the  addition  of  the  rings  has  very 
materially  increased  the  stability  of  the  microscopes;  for  ordinary  differential 
work  the  arrangement  will  probably  be  quite  satisfactory. 

A  new  mercury  basin  of  amalgamated  copper  was  made  to  replace  the  old  one, 
which  was  not  amalgamated;  a  considerable  improvement  in  the  average  steadiness 
of  the  reflected  images  has  resulted,  though  at  times,  especially  in  winter  evenings 
with  rapidly  falling  temperature,  the  definition  is  not  very  good. 

An  eye-piece  with  a  reversing  prism  attachment  (power  200)  was  obtained  in 
June,  and  has  since  been  regularly  used  for  measurement  of  collimation  and  for 
observations  of  several  stars  each  night.  Eye-pieces  of  higher  power  were  also  ob- 
tained for  the  circle  microscopes. 

Observations. — Regular  observations  with  the  meridian  circle  were  begun  in 
March,  1910;  throughout  the  remainder  of  the  year  1910  it  was  used  as  a  transit 
instrument.  The  observing  list  comprised  most  of  the  stars  in  Newcomb's  Funda- 
mental Catalogue  north  of  10°  declination;  a  selected  list  of  stars  between  70°  and 
80°  declination  was  also  added,  in  order  to  provide  a  greater  number  of  azimuth 
stars  for  use  in  longitude  work.  In  the  past  the  star-places  of  the  Berlin  Jahrbuch 
have  been  used  for  longitude  work  almost  exclusively;  besides  systematic  differences, 
there  are  occasional  fairly  large  discrepancies  between  star-places  as  given  in 
the  two  catalogues  mentioned;  it  was  desired  both  to  investigate  these,  and  to  render 
the  remainder  of  the  Newcomb  stars,  some  of  whose  positions  are  quite  poorly 
determined,  available  for  use  in  longitude  work. 

The  Berlin  Jahrbuch  stars  between  10°  and  45°  declination  (as  far  north  as  the 
zenith)  were  taken  as  clock-stars;  the  azimuth  stars  included  all  those  north  of  80° 
declination  whose  places  were  given  in  any  one  of  the  four  principal  ephemerides, 
the  Berlin  Jahrbuch  places  being  given  the  preference.  Observations  for  level  and 
collimation  were  made  as  a  rule  both  before  and  after  the  evening's  star-observa- 
tions. After  the  arrival  of  the  reversing  eye-piece  it  was  used  for  all  observations 
both  of  stars  and  collimation;  for  the  latter,  half  the  pointings  were  made  with 
apparent  motion  of  the  wires  towards  the  micrometer  head  for  increasing  readings, 
and  half  in  the  opposite  direction;  in  the  case  of  stars,  the  great  mass  of  the  observa- 
tions were  made  with  the  apparent  direction  of  motion  normal ;  each  night,  however, 
several  stars  were  observed  with  the  apparent  direction  of  motion  reversed;  the 
stars  so  observed  were  as  far  as  possible  grouped  in  pairs,  each  star  of  a  pair  having 
approximately  the  same  declination ;  usually  one*  star  of  a  pair  was  observed  with 
eye-piece  normal,  the  other  with  eye-piece  reversed;  on  the  following  night  the 
first  star  was  observed  with  eye-piece  reversed,  the  second  with  eye-piece  normal. 
In  this  way  sufficient  data  were  accumulated  for  a  fairly  rigorous  determination 
of  bisection-error  for  each  observer.  In  the  case  of  the  azimuth  stars  the  procedure 
was  somewhat  different;  one  half  the  observation  of  each  star  was  made  with  eye- 
piece normal,  the  other  half  with  eye-piece  reversed;  in  this  case  the  error  of  bisec- 
tion is  entirely  eliminated  from  the  complete  observation. 

Collimation  and  Level. — The  south  collimator  contained  one  horizontal  and 
two  vertical  wires,  the  vertical  wires  being  separated  by  about  9";  in  the  north 


REPORT  OF  THE  CHIEF  ASTRONOMER 


311 


SESSIONAL  PAPER  No.  25a 

collimator  there  were  two  pairs  of  wires  at  right  angles,  one  pair  being  separated  by 
about  14",  the  other  pair  by  about  17";  during  a  part  of  the  year  one  of  these  pairs 
was  set  vertical  and  used  for  collimation  readings,  during  the  remainder  the  other 
pair  was  used.  A  complete  reading  for  collimation  was  taken  by  setting  the  south 
collimator  on  the  north  ten  times,  the  micrometer  head  being  left  at  the  mean  of 
the  ten  pointings;  the  telescope  micrometer  was  then  set  eight  or  ten  times  on  each 
of  the  collimators.  Pointings  of  the  south  collimator  on  the  north  were  made  by 
setting  the  two  vertical  wires  of  the  former  symmetrically  between  those  of  the 
latter;  pointings  of  the  telescope  on  either  collimator  were  made  separately  on  each 
collimator  wire,  by  placing  the  right  ascension  wires  of  the  telescope  (distance 
about  4")  symmetrically  on  each  side  of  the  collimator  wire.  The  same  eye-piece 
was  used  for  all  pointings,  giving  with  the  meridian  circle  a  power  of  about  200, 
and  with  the  collimator  about  130.  Beginning  with  June  23  a  reversing  prism  was 
attached  to  the  eye-piece,  and  an  equal  number  of  pointings  was  made  in  each  case 
with  the  apparent  direction  of  motion  normal  and  reversed. 

The  effect  of  a  constant  error  of  setting  (to  right  or  left)  of  the  kind  eliminated 
by  the  reversing  prism  would  appear  in  the  pointings  of  the  telescope  on  either  the 
north  or  the  south  collimator,  but  would  be  eliminated  from  the  mean;  in  the  setting 
of  one  collimator  on  the  other,  however,  the  error  would  persist,  and  would  enter 
the  final  value  of  collimation,  unless  a  reversing  prism  were  used.  To  find  what 
this  error  (which  we  may  call  bisection-error)  amounted  to,  the  separate  pointings 
were  examined  and  grouped  so  as  to  show  the  effect,  in  the  case  of  both  the  observers 
engaged.  It  was  found  that  in  setting  the  telescope  on  the  collimator  wires,  S*  set  on 
the  average  .03 "  too  far  to  the  left,  Nf  .02 "  in  the  same  direction.  All  the  collimator 
wires  not  being  quite  equal  in  apparent  diameter,  the  pointings  on  each  wire  were 
grouped  separately;  it  appeared  that  for  the  largest  wires,  whose  images  more  nearly 
filled  the  space  between  the  telescope  wires,  the  bisection  error  was  slightly  smaller; 
the  evidence  was,  however,  not  very  conclusive  on  this  point.  In  the  case  of  point- 
ings of  one  collimator  upon  the  other,  it  was  found  that  S  was  influenced  decidedly  by 
the  distance  between  the  wires  set  upon;  when  the  wires  17"  apart  were  used  in  the 
north  collimator  he  set  .13"  to  the  right;  with  the  wires  14"  apart  the  error  was 
.03  "  in  the  same  direction.  The  observations  made  by  N  with  the  reversing  prism 
were  upon  the  more  widely  spaced  wires  only;  his  error  of  setting  was  .09"  to  the  left. 
In  observations  taken  after  June  23  these  errors  are  all  eliminated;  in  those  made 
prior  to  that  date,  without  the  reversing  prism,  they  were  presumably  present ;  no 
correction  has,  however,  been  introduced  to  allow  for  them;  their  effect  on  differen- 
tial observations  would  be  practically  negligible. 

For  measurements  of  instrumental  level  a  mercury  trough  was  used,  in  conjunc- 
tion with  a  Bohnenberger  eye-piece  of  the  usual  form;  by  means  of  slightly  oblique 
illumination  the  reflected  images  of  the  wires  were  made  to  appear  bright  in  a  dark 
field;  settings  were  made  by  obliterating  the  bright  reflected  images  of  the  microm- 
eter wires  by  the  wires  themselves;  to  eliminate  any  errors  arising  from  the  obliquity 
of  the  illumination  the  wires  were  successively  illuminated  from  each  side,  an  equal 
number  of  pointings  being  taken  in  each  case.  On  account  of  the  fact  that  the  phe- 
nomenon watched  for  is  not  a  coincidence  of  wires,  but  simply  the  position  of  mini- 
mum brightness,  there  appears  to  be  no  room  in  this  observation  for  a  personal 
effect  such  as  might  conceivably  enter  in  the  ordinary  nadir  observation. 

Readings  of  collimation  and  level  were  taken  in  general  both  before  and  after 
an  evening's  observations,  and  occasionally  at  other  times.  The  observed  microm- 
eter readings  for  collimation  line  and  for  vertical  line  are  given  in  Table  II.,  as  well 
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as  the  adopted  values  of  collimation  and  level  error,  in  seconds  of  time,  for  those 
nights  on  which  star-observations  were  also  obtained.  In  deriving  the  latter  it  is 
to  be  noted  that  the  micrometer  head  is  on  the  side  next  the  clamp,  and  that  the 
micrometer  readings  increase  as  the  wires  move  towards  the  head;  the  adopted 
value  of  one  revolution  of  the  micrometer  screw  was  3.216  sec.  Hence  if  C  be  the  mi- 
crometer reading  for  the  collimation  line,  L  for  the  vertical  line,  and  .1/  for  the  mean 
of  the  contacts  on  the  micrometer  head,  we  have  for  Clamp  East  c  =  (C  —  M) 
X  3.216,  b  =  (C-L)  X  3.210,  and  for  Clamp  West  c  =  (Af-C)  X  3.216,  6  = 
(L  —  C)  X  3.216.  The  following  were  the  adopted  values  of  Af  throughout  the 
year;  the  contact  strip  was  broken  about  9"  on  March  28,  and  was  replaced  by  a 
new  one;  it  was  re-adjusted  on  May  13: — 

r 

March  U-Mareh2S,  9h   9-5880 

March  28,  9b-May  13    9-6006 

May  14- Dec.  31   9-6600 

It  was  noticed  that  the  differences  between  observed  values  of  collimation 
line  before  and  after  an  evening's  observations  were  apparently  somewhat  system- 
atic, the  later  micrometer  reading  being  quite  usually  the  larger.  To  investigate 
this  point,  the  observations  for  the  whole  year  were  grouped  in  several  different  ways, 
the  results  for  the  two  clamps  being  treated  separately. 

Below  is  a  list  of  the  changes  arranged  chronologically,  each  period  being  the 
interval  between  successive  reversals  of  the  telescope;  AC  is  the  change  in  observed 
micrometer  reading  for  line  of  collimation  during  the  evening,  the  positive  sign  in- 
dicating that  the  later  reading  was  the  greater:— 


Date. 

Clamp. 

Average  AC. 

No  of  nights. 

March  17— April  2  

W 

r 

•0034 

5 

April  3—21  

E 

•0003 

9 

April    22— May  15  

W 

■0055 

13 

May  16—21  

E 

•0032 

4 

May     26— June  9  

W 

•0042 

8 

June  10—15  

E 

•0021 

3 

June  18—25  

W 

■0038 

4 

June  28— July  19  

E 

•0006 

9 

July     26— August  12  

W 

•0023 

7 

E 

•0004 

14 

Sept.    16— October  11  

W 

■0040 

13 

Oct.     12 — November  9  

E 

-  0005 

9 

W 

•0050 

5 

Mean  

W 

■0042 

55 

E 

■0006 

48 

From  the  above  table  there  would  appear  to  be  no  doubt  that  on  the  average  there 
was  a  small  systematic  change  in  collimation  during  the  evening.  This  is  probably 
not  unusual,  but  there  is  no  apparent  reason  or  explanation  for  the  fact  that  the 
change  is  so  much  greater  in  the  position  Clamp  YV.  than  in  Clamp  E.;  that  this  is 
not  accidental  is  shown  by  the  fact  that  the  value  given  for  "average  AC"  is  in  every 
case  less  for  Clamp  E.  than  either  of  the  adjoining  values  for  Clamp  W. 
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The  observations  were  next  grouped  as  below  to  investigate  the  effect  of  change 
of  temperature  during  the  evening,  which  seemed  the  most  plausible  cause  of  a 
change  in  collimation;  At  denotes  the  drop  in  temperature  in  the  observing  room 
between  the  two  readings: — 


Clamp  West. 


Clamp  East 


Average  A; 

Average  AC 

No.  of  nights. 

Average  M 

Average  AC 

No.  of  nights. 

6-9°C 

r 

•0037 

4 

6-3°C 

r 

■0012 

4 

5-3 

•0053 

5 

5-3 

-0010 

5 

4-4 

•0055 

10 

4-5 

•0013 

12 

3-5 

■003S 

17 

3-6 

•0013 

13 

2-5 

•0037 

8 

2-6 

-ooos 

5 

11 

•004S 

5 

0-9 

•0014 

8 

It  is  fairly  evident  that  change  of  temperature  has  no  effect  on  the  collimation  line; 
a  comparison  of  the  values  of  AC  for  Clamp  W.  and  Clamp  E.  offers  strong  con- 
firmatory evidence  that  the  difference  between  the  effects  in  the  two  positions  of  the 
instrument  is  real;  in  every  case  the  value  for  Clamp  E.  is  decidedly  less  than  the 
corresponding  one  for  Clamp  W. 

Grouping  the  observations  again  according  to  the  time  elapsed  between  the 
successive  readings  we  have  the  following,  AT  denoting  the  time  interval: — 


Clamp  West. 

Clamp  East. 

Average  AT 

Average  AC. 

No. 

of  nights. 

Average  AT 

Average  AC 

No.  of  nights. 

h.  m. 
5  18 

r 

•0049 

10 

h. 

5 

m. 
12 

r 

•0013 

5 

4  38 

•0065 

6 

4 

40 

•0020 

10 

4  10 

■0037 

13 

4 

13 

•0006 

5 

3  39 

•0031 

11 

3 

38 

•0010 

10 

3  13 

■0037 

9 

3 

04 

-■0017 

s 

2  32 

•0049 

6 

'  2 

32 

•0003 

10 

There  is  thus  no  dependence  of  change  of  collimation  on  the  time  elapsed  between 
readings;  or  rather,  the  maximum  change  takes  place  within  less  than  2\  hours 
after  the  instrument  has  been  in  use;  and  again  the  difference  between  Clamp  W. 
and  Clamp  E.  shows  up  in  every  case. 
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For  the  sake  of  completeness,  still  another  grouping  was  made,  dependent  on 
the  average  temperature  during  the  interval  between  collimation  readings;  the  result 
was  practically  identical  with  those  given  above,  no  effect  on  the  average  value  of 
AC  being  visible. 

The  same  process  was  repeated  with  respect  to  the  changes  in  measured  level 
error;  the  chronological  tabulation  is  given  below,  A6  denoting  the  change  in  level 
error;  i.e.,  Af>  =  A  (C-L)  for  Clamp  E.,  and  =  A  (L-C)  for  Clamp  W. 


Date. 

Clamp. 

Average  AJ. 

No.  of  nights. 

March 

17— April  2  

W 

r 

-  0031 

5 

April 

3—21  

E 

—  -UOoo 

o 

April 

22— May  15  

W 

-  0036 

13 

May 

16—21  

E 

-0010 

4 

May 

26— June  9  

W 

-  0002 

8 

June 

10—15  

E 

•0004 

3 

June 

18—25  

W 

■0007 

4 

June 

2S— July  19  

E 

•0020 

9 

July 

26— August  12  

W 

•0000 

7 

Aug. 

18— Sept.  15  

E 

■0016 

14 

Sept. 

16— Oct.  11  

W 

■0015 

13 

Oct. 

12— Nov.  9  

E 

■0004 

9 

Nov. 

27— Dec.  21  

W 

-0013 

4 

Mean  

W 

-  0009 

54 

u 

E 

•0002 

48 

Mean  

both  Clamps 

■ 

-  0003 

102 

There  is,  as  was  to  be  expected,  a  seasonal  effect  in  evidence  here,  the  western  pivot 
showing  a  tendency  to  sink  throughout  the  evening  during  the  months  of  March, 
April,  May  and  December,  and  to  rise  in  the  same  period  throughout  the  inter- 
vening months;  the  average  for  the  year  is  practically  negligible,  nor  is  there  any- 
evident  difference  in  the  behaviour  of  the  instrument  in  Clamp  W.  and  Clamp  E. 

The  last  two  facts  mentioned  afford  independent  evidence  of  the  strongest 
kind  as  to  the  reality  of  the  systematic  change  in  collimation  in  Clamp  W.,  and  the 
practical  absence  of  such  a  change  in  Clamp  E.  For  since  the  average  value  of 
Ab  (  =  A  C~L)  is  practically  zero  in  both  positions  of  the  instrument,  it  follows 
that  if  the  observed  values  of  AL  had  been  tabulated  they  would  have  exhibited 
the  same  peculiarities  as  AC;  that  is,  measurements  of  the  two  entirely  independent 
quantities,  collimation  line  and  vertical  line,  show  the  same  systematic  peculiarities; 
which  proves  that  the  change  considered  is  a  collimation  effect.  It  is  difficult  to 
understand,  however,  why  the  effect  should  be  different  in  the  two  positions  of 
the  instrument;  upon  this  point  further  light  must  be  awaited.  In  the  meantime,  it 
is  not  of  very  great  moment  so  long  as  only  differential  observations  are  considered. 

Pivot  Errors. — As  no  rigorous  determination  had  been  made  of  pivot  errors,  it 
was  assumed  that  only  relative  ellipticity  of  pivots  was  present.  The  value  adopted 
for  this  was  that  obtained  previously  in  the  series  of  observations  for  measuring  the 
flexure  of  the  axis.*    According  to  the  notation  used  then,  the  horizontal  component 


*  Report  of  the  Chief  Astronomer,  1910,  p  406. 
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of  pivot  error  introduced  by  ellipticity  may  be  represented  by  an  expression  of  the 
form  a  sin  2  (8— X),  where  6  and  8  —  X  represent  respectively,  for  Clamp  East,  the 
southern  zenith  distance  of  the  telescope  and  of  the  major  axis  of  the  (relative) 
ellipse,  a  positive  value  denoting  an  increase  in  the  instrumental  azimuth;  the 
vertical  component  of  pivot  error  arising  from  this  cause  is  negligible.  Resolving 
this  quantity  along  the  collimation  line  of  the  telescope,  and  expressing  it  as  a 
correction  to  the  observed  collimation,  we  have  for  Clamp  East: 

Ac  =  a  sin  2  (8  -  X)  sin  8 

=  |  a  [cos  (8  -  2  X)  -  cos  (3  8  -  2  X)]; 

or  putting  8  =  45°  24'  —  S,  and  adopting  the  values  a  =  .36"  =  .024  sec,  X  - 
96°  30 ', 

Ac  =  .012  [cos  (5  +  147°  36')  -  cos  (3  5  +  56°  48')]. 
Similarly,  for  Clamp  West, 

Ac  =  -  .012  [cos  (5  +  121°  36')  -  cos  (3  5  +  30°  48')]. 
These  values  were  tabulated  and  used  for  correcting  all  the  observations. 

Bisection  Error. — As  stated  above,  observations  of  several  stars  were  usually 
made  on  each  night  with  the  apparent  direction  of  motion  reversed  by  means  of  a 
reversing  prism.  During  the  summer  a  preliminary  computation  of  bisection  error 
was  made  from  such  observations  as  were  then  available,  in  order  to  form  a  basis 
for  proceeding  with  the  regular  computations.  It  was  found  that  the  observer  N 
had  no  appreciable  error  of  bisection,  but  that  S  consistently  set  the  micrometer 
wires  too  far  to  the  left  by  about  .023  sec.  equatorial  interval.  This  value  was 
therefore  adopted  for  his  observations,  while  those  of  N  were  left  uncorrected. 

From  a  thorough  discussion  of  all  the  material  available  at  the  end  of  the  year, 
made  by  Mr.  Nugent,  it  was  found  that  for  stars  up  to  80°  declination  the  error 
of  bisection  for  S  was  .026  sec.  equatorial  interval,  while  for  azimuth  stars  above 
80°  it  was  apparently  less.  No  effect  could  be  found  depending  on  the  declination 
or  the  magnitude  of  the  stars  observed.  The  bisection  error  of  N  again  came  out 
practically  zero.  An  account  of  this  investigation  is  given  by  Mr.  Nugent  in  Ap- 
pendix A  to  this  report. 

It  is  to  be  noted  that  the  correction  required  for  an  error  of  this  kind  is  a 
constant  correction  to  the  observed  collimation,  changing  sign  at  the  zenith.  The 
sign  of  the  correction  is  of  course  to  be  changed  for  such  observations  as  were  made 
with  the  apparent  direction  of  motion  reversed,  and  it  is  not  to  be  applied  at  all  to 
observations  which  were  made  half  normal  and  half  reversed. 

Reduction  of  Observations. — In  the  tables  headed  "Reduction  of  Transits 
Observed"  are  given  the  quantities  necessary  for  the  computation  of  each  separate 
observation  of  right  ascension.  The  first  column  contains  the  date,  the  second  a 
number  for  reference  in  the  notes,  the  third  the  name  of  the  star  observed,  the 
Berlin  Jahrbuch  numbers  being  used  for  stars  contained  in  that  catalogue.  In 
the  fourth  column  L.  C.  denotes  that  the  star  was  observed  at  lower  culmination; 
r  denotes  that  the  apparent  direction  of  motion  was  reversed  by  the  use  of  the  re- 
versing eye-piece;  n  r  denotes  that  the  apparent  direction  of  motion  for  the  first 
and  last  quarters  of  the  transit  was  normal,  for  the  middle  half  reversed;  r  n  denotes 
the  converse  of  this.  The  fifth  column  contains  the  initial  denoting  the  observer, 
the  sixth  the  mean  of  the  clock-times  of  the  different  contacts  recorded  by  the  re- 
gistering micrometer  on  the  chronograph. 

Of  the  quantities  in  the  seventh  column,  the  upper,  unbracketed  one  is  the 
measured  value  of  collimation,  taken  from  Table  II.;  the  quantity  immediately 
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underneath  this,  enclosed  in  brackets,  is  the  value  of  the  polar  deviation  of  the 
instrument,  as  derived  from  the  observations.  To  the  values  of  colliination  given, 
the  following  corrections  were  applied  in  the  computation: 

(1)  diurnal  aberration,  —.015  sec. 

(2)  the  correction  for  one-half  the  width  of  the  contact  strip  on  the  regis- 
tering micrometer;  the  adopted  values  for  this  are  as  follows: — 

March  17— March  20   -014  eec. 

April  2— May  12   -013  " 

May  15— Dec.  21   -018  " 

The  total  correction  for  this  effect  is  always  positive;  hence  the  correction  to  be 
applied  to  the  colliination  is  positive  for  stars  at  upper  culmination  and  negative 
for  those  observed  below  the  pole. 

(3)  elliptieity  of  pivots;  this  correction  was  derived  from  the  formulae  given 
above. 

(4)  personal  error  of  bisection;  for  observations  by  N  no  correction  was  ap- 
plied; for  unmarked  observations  by  S  a  correction  of  +.023  sec.  was  applied  in 
the  case  of  stars  observed  facing  south,  and  of  —.023  sec.  for  stars  observed  facing 
north;  in  all  observations  except  a  few  mentioned  in  the  notes,  this  division  line 
corresponds  to  the  zenith;  for  those  observations  by  S  which  are  marked  r  the  same 
correction  was  applied  with  the  opposite  sign;  for  observations  marked  n  r  or  r  n  no 
correction  was  applied. 

The  values  of  n,  the  polar  deviation  of  the  instrument,  were  computed  as 
follows: — The  correction  for  collimation,  including  the  above  supplementary 
corrections,  having  been  first  applied  to  each  observed  time  of  transit,  we  have  for 
each  star  an  equation  of  the  form 

A  T  +  m  +  n  tan  5  =  a  -  T, 

where  the  letters  involved  have  their  usual  significance,  5  being  measured  through 
the  pole  in  the  case  of  stars  observed  at  lower  culmination.  The  mean  of  these 
equations  was  taken,  for  each  night,  for  all  stars  between  30°  and  60°  declination 
wyhose  places  are  given  in  the  Berlin  Jahrbuch;  by  combining  this  mean  equation 
with  each  of  those  derived  from  observations  of  azimuth  stars  on  the  same  night, 
as  many  values  of  n  were  obtained  as  there  were  azimuth  stars  observed  on  that 
night ;  the  mean  of  these  values  of  n  was  adopted  for  the  night.  As  the  clock  rate 
was  always  small,  no  correction  was  applied  for  this  in  the  computations  of  n. 

The  eighth  column  of  the  tables  contains  the  seconds  of  the  time  of  transit, 
corrected  for  both  collimation  and  polar  deviation;  the  ninth  contains  the  seconds 
of  tabular  apparent  right  ascension  for  the  date,  of  all  Berlin  Jahrbuch  stars  up 
to  60°  declination,  and  of  all  azimuth  stars.  The  tenth  column  is  the  difference 
between  the  eighth  and  ninth,  exhibiting  the  value,  derived  from  the  observation, 
for  the  quantity  A  T  +  m;  it  is  entered  only  for  clock  stars  and  azimuth  stars, 
the  former  comprising  all  Berlin  Jahrbuch  stars  culminating  south  of  the  zenith. 

In  deducing  the  value  of  "adopted  A  T  +  m"  given  in  the  eleventh  column 
two  corrections  were  employed,  one  for  clock-rate,  the  other  depending  on  the 
declination  of  the  separate  stars  from  which  the  apparent  values  of  this  quantity 
are  deduced  in  the  preceding  column.  From  a  preliminary  examination  of  the 
observations,  it  was  suspected  that  there  was  a  systematic  effect  depending  on  the 
declination  of  the  stars  observed;  a  thorough  investigation  of  this  point  was  there- 
fore made  for  the  range  of  declination  covered  by  the  clock  stars,  viz.,  10°  to  45°. 
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The  observed  values  of  A  T  4-  m,  as  given  in  the  tenth  column,  were  grouped  for 
each  night  into  zones  covering  5°  of  declination,  and  the  mean  taken  for  each 
zone.  The  mean  of  the  three  zones,  30°  to  35°,  35°  to  40°,  40°  to  45°,  was  taken 
as  a  standard  of  comparison  for  each  night,  since  stars  were  observed  in  each  of 
these  zones  on  almost  every  night.  The  differences  between  this  standard  and  the 
means  for  the  different  zones  were  then  taken,  and  tabulated  with  appropriate 
weights.  This  was  done  separately  for  each  of  the  observers  engaged,  and  for  each 
position  of  the  instrument.  The  weighted  means  of  the  differences  are  given 
below,  in  the  sense  of  a  correction  to  reduce  \  T  +  m  for  each  zone  to  the  mean 
of  the  three  zones  taken  as  standard: — 


Clamp  W.  Clamp  E. 


5 

N 

5 

N 

10°— 15°  

•015 

•020 

•016 

•024 

15°-20°  

•022 

•007 

•036 

■018 

20°-25°  

•005 

•014 

■01S 

•025 

25°-30°  

•007 

•014 

■021 

•012 

30°-35°  

•005 

•001 

■007 

•001 

35°-40°  

•009 

■006 

■003 

•015 

40°-45°  

■ 

-012 

-008 

-007 

-015 

From  a  careful  examination  of  this  table,  no  systematic  effect  dependent  on  the 
clamp  or  on  the  observer  appeared  to  exist;  weighted  means  were  therefore  taken 
for  each  zone  as  a  whole,  giving  the  following  system  of  corrections,  each  with  its 
appropriate  weight: — 


Zone. 

Correction. 

Weight. 

10°-15° 

•019 

97 

15°-20° 

•017 

121 

20°-25° 

•016 

81 

25°-30° 

•013 

129 

30°-35° 

•003 

274 

35°-40° 

•OOS 

333 

40°-45° 

—011 

365 

These  corrections  appear  to  fall  naturally  into  the  three  groups  0°  to  30°,  30°  to  40°, 
40°  to  45°,  the  separate  groups  having  the  following  corrections:— 


Zone. 

Correction. 

10°-30° 

•016 

30°-40° 

•006 

40°-45° 

-•011 
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Having  obtained  these  differences,  it  is  evidently  immaterial  which  zone  is  taken  as 
standard;  if  we  adopt  the  zone  10°  to  30°,  the  above  differences  become,  neglecting 
the  third  place  of  decimals: 


Zone. 

Correction. 

10°-30° 

•00  sec. 

30°— 10° 

-•01  " 

40°-45° 

-03  ■ 

These  were  adopted  as  the  definitive  corrections  to  the  quantity  iT  +  m.  It  may 
be  remarked  here,  that  if  the  clock  stars  observed  had  each  night  been  uniformly 
distributed  in  declination,  no  effect  would  result  from  the  application  of  such  cor- 
rections except  the  addition  of  a  constant  to  the  observed  right  ascensions;  since 
this  was  not  the  case,  it  is  necessary  to  apply  the  above  corrections  in  order  that  the 
right  ascensions  observed  on  different  nights  may  be  referred  to  the  same  zone  of 
fundamental  stars,  as  nearly  as  may  be;  this  zone  is  in  the  present  instance  10° 
to  30°.  In  view  of  the  sudden  change  indicated  in  the  correction  between  the  zones 
.30°  to  40°  and  40°  to  45°,  a  careful  examination  was  made  to  decide  whether  or 
not  it  occurred  exactly  at  40°;  this  was  found  to  be  the  case,  as  nearly  as  could  be 
determined.  The  cause  of  these  differences  might  conceivably  lie  either  in  errors 
in  the  tabular  places  of  the  stars,  or  in  some  systematic  instrumental  effect  such  as 
flexure.  In  the  absence  of  strong  evidence  to  the  contrary  the  presumption  would 
of  course  be  strongly  in  favor  of  the  latter  hypothesis;  though  in  that  event  it  is 
difficult  to  understand  why  thejesults  in  the  two  positions  of  the  instrument  should 
agree  as  closely  as  they  do. 

After  the  application  of  the  above  systematic  corrections  to  the  separate  ob- 
served values  of  A  T  +  m,  the  mean  of  the  latter  was  taken  for  each  night's  obser- 
vations, thus  giving  a  value  for  A  T  +  m  for  the  mean  epoch  of  the  observations. 
For  the  computation  of  clock-rates,  the  above  mean  values  were  diminished  in 
each  case  by  the  quantity  m,  as  deduced  from  the  ordinary  formula  m  =  b  sec 
<p  —  n  tan  <p,  <p  being  the  latitude*  and  b  and  n  the  level  error  and  the  polar  de- 
nation  respectively.  The  resulting  values  of  A  T  were  tabulated  for  the  whole  year, 
and  by  combining  successive  determinations  by  the  same  observer  in  the  same  posi- 
tion of  the  instrument,  a  series  of  clock-rates  was  obtained  for  as  many  epochs  as 
possible.  Where  these  showed  continuity  over  a  considerable  period,  as  was  the 
case  for  the  greater  part  of  the  year,  a  formula  was  derived  by  least  squares  on 
the  assumption  that  the  clock-rate  changed  uniformly  during  the  period  considered; 
the  values  resulting  from  the  formula  were  then  compared  with  the  observed  values, 
and  where  they  showed  reasonable  agreement  the  former  were  adopted.  The 
adopted  values  of  daily  rate  in  seconds  for  the  period  covered  by  the  observations 
are  as  follows,  T  being  reckoned  in  days: — 


Mar.  17— Apr.  14  Zero 


Apr.  21— Aug.  S. 
Aug.  11— Sep.  2 
Sep.  7— Sep.  10 
Sep.  13— Sep.  26 


Sep.  27— Sep.  30   Zero 


0SS2+-0004  (r-June  17) 
2614+ -0087  (r-Aug.  23) 
300 
164 


120 

370+  0027  (  7"-Oct.  23) 

052 

720 

ISO 


Oct.  3. 

Oct.  7— Nov.  9.. 
Nov.  20— Nov.  27 
Dec.  5 — Dec.  12. 
Dec.  21  

The  adopted  values  of  A  T  +  m,  including  the  effect  of  clock-rate,  are  given 
in  the  eleventh  column.  Where  a  clock-rate  other  than  zero  was  adopted,  both  the 
value  of  A  T  +  m  for  the  mean  epoch  of  the  observations,  and  the  adopted  hourly 

rate,  are  given  in  the  notes.  

»  <?=45°  23'  38* 
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The  twelfth  and  last  column  of  the  tables,  which  is  formed  by  the  addition  of 
the  eighth  and  eleventh  columns,  gives  the  deduced  apparent  right  ascension  for 
the  date,  of  all  except  the  azimuth  stars. 

Ledgers  of  Mean  R.A.  1910.0 — In  the  tables  with  this  heading  the  observa- 
tions on  each  star,  reduced  to  mean  place  for  the  beginning  of  the  fictitious  year, 
are  arranged  chronologically,  the  date,  clamp  and  observer  being  noted  for  each 
observation.  The  reductions  to  mean  place  were  effected  in  the  following  way. 
For  all  stars  whose  apparent  places  are  given  in  the  Berlin  Jahrbuch,  the  Star- 
List  of  the  American  Ephemeris,  or  the  Nautical  Almanac,  the  difference  between 
the  tabular  apparent  place  for  the  date  and  the  tabular  mean  place  (taken  to  the 
nearest  second  decimal  place)  was  applied;  since  in  these  ephemerides  the  mean 
right  ascensions  are  given  to  three  decimal  places,  and  the  third  place  used  in  the 
computations  for  apparent  right  ascension,  though  in  the  latter  only  two  decimal 
places  are  retained,  there  remains  a  further  correction  necessary  in  the  third  decimal 
place,  depending  on  the  third  decimal  place  of  the  tabular  mean  right  ascension; 
this  has  been  applied  as  the  correction  A,  to  the  mean  of  the  observed  positions. 
The  same  applies  to  stars  bracketed  in  the  Berlin  Jahrbuch,  which  do  not  occur  in 
the  other  ephemerides,  since  for  these  stars  the  apparent  places  were  computed  in 
conformity  with  the  usage  of  that  catalogue.  In  the  case  of  a  few  additional  stars, 
contained  in  the  Connaissance  des  Temps,  but  not  in  the  other  ephemerides,  the 
reduction  to  mean  place  was  computed  by  taking  the  difference  between  the  tabular 
mean  and  apparent  places,  which  in  that  catalogue  are  both  given  to  the  second 
decimal  place  only;  in  this  case  the  correction  A,  is  not  applied.  For  all  other 
stars  the  reduction  to  mean  place  (exclusive  of  proper  motion)  was  computed  to 
the  nearest  second  decimal  place  for  ten  day  intervals,  all  short-period  terms 
being  omitted,  and  interpolated  for  the  dates  required. 

A  thorough  preliminary  examination  of  the  results  was  made  for  systematic 
effects  depending  on  bisection  error,  on  personal  error  of  other  kinds,  and  on  the 
position  of  the  instrument.  For  the  effect  of  bisection  error,  means  were  taken 
separately  of  the  n  and  r  observations  for  each  observer  in  each  clamp,  and  the 
quantities  (r  —  n)  cos  5  tabulated,  the  sign  being  changed  for  stars  observed  north  of 
the  zenith  at  upper  culmination.  The  resulting  values  of  bisection  error  were  .001 
sec.  for  N  and  .003  sec.  for  S,  the  indicated  error  of  setting  being  to  the  left  in  both 
cases.  If  we  allow  for  the  correction  of  .023  sec.  applied  to  the  observations  of  S 
in  the  computation,  this  result  agrees  with  that  deduced  in  Appendix  A,  as  should 
be  the  case.  As  the  results  for  separate  stars  showed  considerable  variation,  it  was 
not  considered  that  these  quantities  were  much,  if  any,  in  excess  of  their  probable 
error:  no  correction  was  therefore  applied  to  the  right  ascensions  for  this  effect. 

To  investigate  for  other  personal  effects,  means  were  taken  separately  for  the 
observations  of  N  and  S  in  each  clamp,  and  the  results  grouped  in  zones  of  declina- 
tion 5°  in  width;  the  differences  in  the  various  zones,  in  the  sense  N  —  S,  with 
their  respective  weights,  are  as  follows: — 

008  sec   weight  107 

002  "    "  142 

015  "    "  87 

005  "    "  168 

001  "    "  161 

004  "    "  272 

002  "    "  239 

008  "    "  130 

006  "    "  71 

002  "    "  133 

080  "    "  2 

018  "  . .    "  6 

004  *    "  170 

016  ■    "  94 

157  "    "  6 


10°- 

15° 

15°- 

20° 

20°- 

25° 

25°- 

30° 

30°- 

35° 

35°- 

40° 

40°- 

45° 

45°- 

50° 

50°- 

55° 

55°- 

60° 

60°- 

65° 

65°- 

70° 

70°- 

75° 

75°- 

S0° 

80°- 
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These  results  were  further  weighted  according  to  the  cosine  of  the  mean  declina- 
tion of  each  zone,  and  combined  to  deduce  a  formula  for  expressing  the  difference. 
Several  simple  formulae  were  tried;  the  one  which  appeared  best  to  satisfy  all  the 
observations  was  N  — S  =  .0032  sec  6;  this  was  accordingly  adopted.  It  is 
conceivable,  however,  that  a  constant  correction  for  all  declinations  might  better 
have  been  used;  the  value  derived  from  the  weighted  mean  of  the  south  stars  is 
.0044  sec;  that  from  the  north  stars  .0066  sec;  from  all  stars  .0048  sec.  It  is  diffi- 
cult to  understand  how  any  such  difference  could  arise  in  the  case  of  stars  of  the 
same  declination  as  the  clock-stars;  as  shown  by  the  above  table,  however,  it 
appears  to  be  persistent  for  all  declinations;  a  correction  was  therefore  applied. 

Means  were  next  taken  separately  of  the  observations  in  Clamp  West  and 
('lamp  East,  and  the  results  grouped  as  before  for  zones  of  declination  5°  in  width; 
the  mean  differences,  in  the  sense  W  —  E,  are  as  follows: — 

10°-15°...  --006scc   weight  115 

15°-20°                              -000  "    "  135 

20°-25°  -  008  "    "  91 

25°-30°                               002  "    "  169 

30°-35°                              -003  "    *  171 

3S°— 40"                            -002  "    "  263 

40°-45°                               007  "    ■  231 

45  -50°                               005  "    «  130 

50°-55°                               019  "    "  68 

55°-60°                              -021  "    "  143 

60°-65°    -  050  "    "  1 

65°-70°                               023  "    ■  4 

70°-75°                              -020  "    "  163 

75°-80°                              -045  "    ■  93 

80°-                                  -023  "    "  8 

The  formula  adopted  to  represent  these  differences  was  .0104  tan  5  —.0048, 
which  gives  a  fairly  satisfactory  representation  over  the  whole  range  of  declination. 

As  the  standard  of  reference  for  both  the  systematic  corrections  considered 
above,  the  mean  of  an  equal  number  of  observations  by  each  observer  in  each  posi- 
tion of  the  instrument  was  taken;  the  corrections  to  be  applied  to  the  right  ascensions 
are  therefore  as  follows: — 

Clamp  West,  A  «  =  -  .0052  tan  5  4-  .0024 

Clamp  East,  A  a  =  .0052  tan  5  -  .0024 

Observations  by  N,  A  a  —  —  .0016  sec  5 

Observations  by  S,  A  a  =  .0016  sec  5 

These  are  incorporated  in  the  correction  A,  in  the  tables;  ;t  is  always  small,  seldom 
amounting  to  more  than  a  very  few  units  in  the  third  place  of  decimals ;  its  only 
effect  is  to  refer  all  observations,  as  nearly  as  may  be,  to  the  same  standard. 

Mean  Right  Ascensions. — In  the  tables  headed  "Mean  Right  Ascensions  of 
Stars  Observed  in  1910"  the  final  results  are  collected.  The  first  three  columns 
require  no  explanation;  the  fourth  contains  the  approximate  declination,  merely 
for  convenience  of  reference.  In  the  fifth  column  is  given  the  mean  right  ascension 
as  taken  from  the  ledgers;  in  the  case  of  stars  marked  with  an  asterisk  no  proper 
motion  was  applied  in  the  reduction  to  mean  place  for  the  beginning  of  the  year; 
for  those  marked  f  the  reduction  to  mean  place  was  obtained  from  one  or  other  of 
the  ephemerides  based  on  Newcomb's  Fundamental  Catalogue;  the  proper  motions 
are  therefore  in  this  case  Newcomb's;  all  other  stars  were  reduced  with  the  proper 
motions  of  Auwers.  The  sixth  column  gives  the  fraction  of  the  year  corresponding 
to  the  mean  epoch  of  the  observations,  the  seventh  the  number  of  observations. 
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In  the  next  four  columns  are  given,  in  the  case  of  those  stars  on  which  at  least  ten 
observations  were  obtained,  the  differences  between  the  observed  right  ascensions 
and  those  given  in  the  Berlin  Jahrbuch,  Boss's  "List  of  1059  Standard  Stars,"  the 
Greenwich  Nine  Year  Catalogue  for  1900,  and  Newcomb's  Fundamental  Catalogue, 
respectively;  the  differences  are,  however,  not  given  for  those  stars  to  which  no  proper 
motion  was  applied  in  the  reduction  to  mean  place. 

Systematic  Corrections. — The  differences  mentioned  above  were  grouped  ac- 
cording to  declination,  the  zones  being  5°  in  width  except  in  the  case  of  45°  to  5\h° 
and  5l£°  to  60°;  as  the  latitude  of  Greenwich  is  approximately  51|°,  this  was 
chosen  as  one  of  the  division  points.  There  were  no  stars  between  60°  and  70° 
on  which  as  many  as  ten  observations  were  obtained.  The  means  for  the  different 
zones  are  given  below,  followed  in  each  case  by  the  weight  in  brackets: — 


Zone. 

O.-B.J. 

O.-B. 

O.-G. 

O.-N. 

10°-15°  

•003(11) 

•003(11) 

•013(  6) 

-•007(11) 

15°-20°  

•002(10) 

■004(10) 

•00S(  7) 

•002(11) 

20°-25°  

--O0H  7) 

•003(  8) 

•001(  7) 

•004(  8) 

25°-30°  

-•002(12) 

•00S(13) 

-•007(10) 

-  004(12) 

30°-35°  

-015(10) 

-•011(10) 

-•011(  8) 

-•014(15) 

35°-40°  

-010(16) 

-  005(15) 

•002(  9) 

-  023(18) 

40°-45°  

-•02S(18) 

-■013(17) 

-•012(  6) 

-■051(18) 

-•027(12) 

-•012(12) 

-■020(  4) 

-•057(11) 

51{°-60°  

-•010(20) 

-^•032(19) 

-•065  (  7) 

-■065(  14) 

70°-75°  

-•035(  6) 

-  046(  6) 

-•089  (  4) 

-  005(  5) 

75°-80°  »  

-  046(  2) 

-•096  (  3) 

-•135(  1) 

-•141(  3) 

Grouping  several  of  the  zones  together,  we  get  the  following  more  condensed  ar- 
rangement, which  does  not  appear  to  sacrifice  accuracy: — 


Zone 

O.-B.J. 

O.-B. 

O.-G. 

O.-N. 

10°-30°  

•0Q0(40) 

•005(42) 

•002(30) 

-•002(42) 

30°-40°  

-012(26) 

-•007(25) 

-004(17) 

-•019(33) 

40°-5U°  

-•028(30) 

-•013(29) 

-•015(10) 

-•053(29) 

5U°-60°  

.-•040(20) 

-  032(19) 

-•065  (  7) 

-•065(14) 

70°-80°  

-•038(  8) 

-•062  (  9) 

-•09S(  5) 

-  -056  (  8) 

The  following  points  in  this  comparison  are  of  special  interest  : — 

(1)  The  large  change  in  O.  — G.  at  the  zenith  of  Greenwich;  this  may  un- 
doubtedly be  set  down  as  a  zenith  error  in  the  Greenwich  observations,  due  probably 
to  bisection  error  or  some  allied  effect.  The  same  change  is  shown  in  the  other 
catalogues  to  a  less  extent ;  as  the  Greenwich  observations  entered  largely  into  the 
material  from  which  they  were  compiled,  a  part  of  the  Greenwich  error  (assuming 
that  it  also  existed  in  previous  Greenwich  catalogues)  may  have  persisted  in  them. 

(2)  "The  marked  change  at  40°  in  O.-B.J.  and  O.-N.,  together  with  its 
comparative  absence  in  O.  — B.  and  O.-G.  The  evidence  is  here  divided,  but 
on  account  of  the  fairly  close  agreement  of  the  Ottawa  observations  in  Clamp 
West  and  Clamp  East  it  might  perhaps  be  a  fair  inference  that  the  error  is  in 
B.J.  and  N. 
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(3)  The  almost  complete  absence  of  any  change  in  the  differences  at  45°,  the 
approximate  latitude  of  Ottawa;  this  may  be  taken  as  evidence  of  a  satisfactory 
absence  of  any  appreciable  zenith  error  in  the  Ottawa  observations;  it  may  be  re- 
marked that  the  omission  of  the  correction  for  bisection  error  in  the  observations 
of  S  would  have  caused  a  change  in  the  differences  of  over  .01  sec.  at  45°. 

(4)  From  the  evidence  of  all  four  catalogues,  it  appears  that  the  Ottawa  right 
ascensions  for  stars  of  over  30°  declination  are  too  small;  the  corrections  applicable 
to  reduce  them  to  the  Berlin  Jahrbuch  system  may  be  taken  as  the  following: 


10° 

-  30° 

.000  sec. 

30° 

-  40° 

.012  " 

40° 

-  5H° 

.028  " 

511° 

-  80° 

.039  " 

A  computation  was  also  made,  for  stars  below  40°  declination,  of  differences 
of  magnitude  equation  in  the  sense  O.  — B.J.  and  O.  — B.;  the  above  systematic 
corrections  were  first  applied;  the  differences  were  not  reduced  to  equatorial 
interval;  the  results  were  as  follows: — 

O.  -  B.J.  =  -  .005  (m  -  4) 
O. -B.     =      .000  (m- 4) 

As  magnitude  equation  is  supposed  to  have  been  eliminated  from  Boss,  this  may  be 
taken  as  showing  that  the  Ottawa  observations  are  practically  free  from  this  effect. 
According  to  this,  the  magnitude  equation  of  the  Berlin  Jahrbuch  would  be  —  .005 
(m  — 4)  sec.  for  stars  near  the  equator. 

Field  Work 

During  the  summer  of  1910  the  longitudes  of  Winnipeg,  Windsor  and  Sault 
Ste.  Marie  were  determined  from  Ottawa,  the  observer  at  the  two  former  stations 
being  Mr.  McDiarmid,  at  the  last  Mr.  Jaques.  In  addition,  the  longitudes  of 
six  stations  in  the  west  were  determined  from  Winnipeg,  Mr.  Jaques  occupying 
the  base  station  and  Mr.  McDiarmid  the  outside  stations.  The  latitudes  of  all 
the  above  stations  were  also  determined. 

Longitude  of  Winnipeg. — Especial  care  was  used  in  the  determination  of  this 
station,  which  will  be  largely  used  as  a  primary  base  station  for  western  Canada. 
For  the  telegraphic  exchanges  one  of  the  transcontinental  copper  wires  of  the 
Canadian  Pacific  Telegraph  Co.  was  used;  the  low  resistance  and  self-inductance 
of  this  wire  made  it  possible  to  dispense  completely  with  repeaters,  there  being  a 
direct  wire  from  the  Observatory  to  the  observing  hut  at  Winnipeg.  This  materially 
increased  the  accuracy  of  the  exchanges;  the  time  of  transmission  of  signals  was 
only  .06  sec,  and  was  remarkably  constant  throughout  the  series  of  exchanges. 
A  series  of  observations  for  personal  equation  was  made  before  Mr.  McDiarmid's 
departure  for  Winnipeg  in  May;  after  the  longitude  observations  were  concluded 
he  returned  to  Ottawa,  and  a  further  determination  of  personal  equation  was  made 
in  June. 

For  the  Ottawa  observations  the  meridian  circle  was  used,  the  two  observers 
S  and  N  participating  in  the  work.  The  stars  used  for  forming  clock-corrections 
were  those  of  the  Berlin  Jahrbuch  between  30°  and  60°  of  declination,  an  equal 
number  being  usually  observed  north  and  south  of  the  zenith;  the  work  was  planned 
in  this  way  in  order  to  eliminate  bisection  error,  as  at  that  time  the  reversing 
prism  eye-piece  had  not  been  received.  The  computation  was  the  same  as  that 
described  in  the  discussion  of  right  ascension  observations  above,  up  to  the  point 
of  formation  of  "adopted  A  T  +  m".    In  the  formation  of  this  quantity  all  Berlin 
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Jahrbuch  stars  from  30°  to  60°  of  declination  were  used;  on  this  account  it  was 
possible  to  use  two  nights  (April  26  and  June  23)  which  were  not  included  in  the 
right  ascension  computation  on  account  of  lack  of  clock-stars.  For  south  stars  the 
same  corrections  were  applied  to  "apparent  A  T  +  m"  as  in  the  right  ascension 
computation;  for  north  stars  the  corrections  adopted  were  —.04  sec.  for  S  and 
—  .02  sec.  for  N;  these  were  obtained  in  the  same  way  as  the  former  ones,  but  the 
computation  included  only  the  period  actually  covered  by  the  observations  involved, 
Mar.  17  to  June  29.  As  the  same  corrections  were  applied  to  both  longitude  and 
personal  equation  observations,  any  error  in  the  actual  corrections  applied  would 
be  eliminated  from  the  longitude  results. 

Personal  Equation. — Observations  for  personal  equation  were  made,  as  stated 
above,  both  before  and  after  the  determination  of  the  longitude  of  Winnipeg.  In 
these  observations  the  two  field  observers,  Mr.  McDiarmid  and  Mr.  Jaques  (desig- 
nated hereafter  by  M  and  J),  as  well  as  the  two  meridian  circle  observers  N  and  S 
took  part;  in  some  instances  all  four  observers  worked  simultaneously,  while 
sometimes  only  two  or  three  were  engaged.  Further  observations  were  made  in 
the  autumn  by  M,  N  and  S,  J  being  incapacitated  by  illness. 

The  observations  of  M  were  made  on  the  eastern  transit  pier,  those  of  J  on 
the  western  one,  these  being  respectively  .025  sec.  and  .014  sec.  east  of  the  meridian 
circle.  All  the  observations  for  personal  equation  are  collected  in  Table  I,  the  above 
corrections  for  longitude,  as  well  as  corrections  for  clock  rate  between  the  epochs 
of  observations  on  the  same  night,  having  been  first  applied  to  the  observations 
of  M  and  J. 

Now  take  the  mean  of  observations  by  each  meridian  circle  observer  in  each 
clamp  as  standard,  putting  the  personal  difference  of  clock-correction  in  the  sense 
S— N  equal  to  2X,  and  the  instrumental  difference  in  the  sense  W  — E  equal  to  2C; 
also  let  M,  and  M2  represent  the  personal  equations  of  M  in  the  spring  and  autumn 
respectively. 

Then  if  a  standard  observation  be  denoted  by  A,  those  of  the  various  observers 
will  be 

S,    CI.  E.  A  -  C  +  X 

S,    CI.  W.  A  +  C  +  X 

N,   CI.  E.  A  -  C  -  X 

N,   CI.  W.  A  +  C  -  X 

M,  spring  A  —  M, 

M,  autumn  A  —  M, 

J  A  -  J 

Hence  from  the  figures  in  Table  I.  we  obtain  the  series  of  observation  equations: 

s 

A,  +  C  +  X  =  4.847 
A,  -  M,  =  4.823 
A2  +  C  -  X  =  4.951 

A,  ,-—  M,  =.4.934 

etc. 

Combining  the  nights  on  which  the  same  groups  of  observers  were  engaged,  these 
observation  equations  become: 

.? 

.     B.  +  C  +  X  =  3.991  \w  .  ,  .  , 

B.  -M,  =  3.958  ^e'ght4 
Ba  +  C  -  X  =  2.303  lw  •  .  .  0 
B,  -  M,        =2.251  J*«gtt2 

etc. 
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This  combination  evidently  has  no  effect  on  the  values  deduced  for  C,  X,  M„  M, 
and  J  (the  values  of  A„  AJt  etc.,  we  are  not  particularly  concerned  with);  it  has 
the  advantage  of  reducing  the  number  of  the  normal  equations,  the  reduction  in 
this  case  being  from  41  to  19. 

Forming  the  normal  equations,  and  solving  for  the  quantities  required,  we 
obtain: 

C    =       .057  sec. 
X  =       .006  " 
M,  =  -  .013  " 
M,  =  -  .062  " 
J  '  =       .021  " 

The  corrections  applicable  to  clock-corrections  obtained  by  the  various  observers 
are  therefore: 

S,    CLE.  .051  sec. 

S,    CI.  W.       -  .063  " 

N,   CLE.  .063  " 

N,   CI.  W.       -  .051  " 

M,  spring        -  .013  " 

M,  autumn      -  .062  " 

J  .021  " 

For  the  Winnipeg  longitude  the  value  M,  was  adopted  as  the  personal  equation  of 
Mr.  McDiarmid;  for  other  stations  it  was  computed  from  the  formula  M,  —  .010 
(T— June  1),  T  being  expressed  in  months. 

The  most  striking  point  in  the  above  result  is  the  large  difference  of  clock- 
correction  (  .114  sec.)  obtained  on  reversal  of  the  instrument.  Since  the  right 
ascensions  obtained  Clamp  East  and  Clamp  West  agree  fairly  closely,  this  differ- 
ence must  apparently  be  due  to  an  error  in  the  adopted  level,  which  would  affect 
clock-corrections  but  not  right  ascensions;  it  could  not  arise  from  pivot  errors, 
since  these  are  undoubtedly  small.* 

It  is  possible  to  compute  what  the  observed  error  in  clock-correction  due  to  an 
error  in  adopted  level  should  amount  to,  without  knowing  the  error  in  level,  by 
comparing  the  differences  in  observed  azimuth  on  reversal  of  the  instrument. 
These,  as  well  as  the  observed  differences  of  level,  are  tabulated  below  under  the 
headings  Aa  and  A6  respectively,  the  differences  being  taken  in  the  sense  Clamp  E. 
—  Clamp  W.  The  intervals  between  the  observations  are  given  in  each  case; 
arbitrary  weights  depending  on  these  intervals  have  been  applied: 


Date. 

Aa 

Ab 

Interval. 

Weight. 

Bee. 

sec. 

days 

Apr.  2—3  

"  21—22  

•072 

•174 

1 

1 

•055 

■148 

1 

,  1 

May  15—16  

"  21—26  

•129 

•118 

1 

1 

■036 

•130 

5 

i 
■ 

June  9—10  

•113 

•144 

1 

1 

"  15—18  

•050 

•146 

3 

i 

■  25—28  

•038 

•169 

3 

1 

July  19—26  

•109 

•143 

7 

1 
4 

Aug.  12—19  

Sep.  15—16  

•074 

•164 

7 

i 

•106 

■164 

1 

l 

Oct.  11—12  

•103 

•199 

1 

1 

Nov.  9—20  

-•058 

•101 

11 

i 

4 

Weighted  means. 


•0S3 


•155 


*  Report  of  Chief  Astronomer,  1910,  p.  407. 
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??-l  This  establishes  the  fact  that  there  is  a  systematic  change  in  observed  azimuth 
on  reversal.  Now  assume  a  correction  36  to  the  observed  level  error  in  Clamp 
East,  and  —  36  in  Clamp  West.  Then  since  a  =  6  tan  <p  —  n  sec  <p,  the  letters 
employed  having  their  usual  significance,  and  since  n  is  measured  independently 
of  Jhe  observed  level,  we  have 

3aK  =  36  tan  <p 
3a„  =  —  36  tan  ip 

From  these  we  obtain 

Aa  =  3aw  —  3aE  =  —  2  36  tan  <p. 

Hence,  using  the  above  observed  mean  value  of  Aa,  we  have 

36  =  —  .041  sec. 

Similarly,  from  the  formula  m  =  6  sec  <p  —  n  tan  <p  we  have  for  Clamp  East 

dm   -  36  sec  <p 
or    3(AT)  =  —  36  sec  <p  =  .058  sec. 

The  close  agreement  of  this  result  with  that  derived  above  (.057  sec)  from  the  actual 
personal  equation  observations  is  remarkable;  it  is  evident,  therefore,  that  the 
observed  difference  in  clock-correction  might  be  fully  accounted  for  by  a  systematic 
error  in  the  adopted  levels.  If  this  is  the  case  it  must  apparently  be  caused  by  some 
flexure  effect  which  follows  different  laws  when  the  telescope  is  pointed  above  and 
below  the  horizon. 

Time  Service. 

The  time  service  has  been  continued  practically  unchanged  since  my  last  re- 
port. Time  signals  are  automatically  sent  out  daily  (Sundays  excepted)  to  the 
Great  North  Western  Telegraph  Co.,  and  the  time  ball  on  Parliament  Hill  is 
dropped  daily  by  the  signal  clock.  Mean  and  sidereal  time  are  also  given  by  tele- 
phone at  any  time  to  those  requiring  them;  frequently  the  clockbeats  are  transmitted 
over  the  telephone  line ;  the  number  of  requests  for  time  has  become  very  large. 

The  usual  amount  of  routine  work  has  been  done  in  connection  with  the  main- 
tenance of  the  time  service  and  in  testing  of  chronometers,  watches,  aneroid  bar- 
ometers, etc.  The  clock  system  in  the  Government  Buildings  has  been  in  opera- 
tion as  usual ;  only  two  clocks  have  been  added,  a  seconds  dial  and  a  minute  dial  in 
the  residence  of  the  Director.    The  total  number  of  clocks  in  operation  is  now  as 


follows : — 

Minute  Dials   283 

Seconds  Dials   6 

Tower  Clocks   2 

Program  Clock   1 

Secondary  Master-Clocks   8 

Primary  Clocks   4 


Total   304 


Time  signals  were  exchanged  with  the  Meteorological  Observatory  in  Toronto 
on  one  occasion.  The  Toronto  signals  as  received  here  were  apparently  about 
.1  sec.  slow,  and  the  Ottawa  signals  as  received  at  Toronto  were  apparently  about 
.2  sec.  slow.    Hence  the  Toronto  clock  was  probably  about  .05  sec.  faster  than  ours. 

I  have  the  honour  to  be,  sir, 

Your  obedient  servant, 


R.  M.  STEWART. 
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APPENDIX  A. 

PERSONAL  ERRORS  OF  BISECTION  IN  MERIDIAN  CIRCLE  WORK. 

D.  B.  Nugent,  M.  A. 

In  determining  the  time  of  transit  of  a  star  over  the  same  meridian,  it  has  been 
found  that  the  times  obtained  by  two  observers  differ  by  a  small  but  constant 
quantity.  One  observer,  perhaps,  acquires  the  habit  of  setting  his  wires  always  to 
the  left  of  the  star-image  regardless  of  the  direction  of  apparent  motion  of  the  star, 
while  the  other  sets  always  to  the  right.  In  the  former  case  the  observer  would 
observe  the  transits  of  stars  north  of  the  zenith  at  upper  culmination  too  late  and 
those  south  of  the  zenith  too  soon,  and  in  the  case  of  the  latter  it  would  be  the 
reverse.  This  error  of  setting  always  to  the  left,  or  to  the  right,  of  the  true  setting 
is  the  personal  error  of  bisection. 

The  object  of  this  paper  is  to  determine  the  magnitude  of  these  errors  in  the 
case  of  the  two  observers — R.  M.  Stewart  and  D.  B.  Nugent — who  are  engaged  in 
transit  observations  with  the  Meridian  Circle  at  the  Dominion  Observatory.  In 
order  to  do  this,  certain  stars,  varying  from  10°  to  80°  in  declination,  wTere  selected 
from  our  observing  list  and  grouped  in  pairs  according  to  their  right  ascension  and 
their  declination.  In  most  cases  the  stars  of  a  pair  did  not  differ  by  more  than  10° 
in  right  ascension,  and  in  no  case  did  the  difference  exceed  30m,  while  the  difference 
in  declination  was  always  less  than  5°.  By  using  a  reversing  eye-piece,  which  con- 
sists of  a  glass  prism  mounted  in  front  of  an  ordinary  eye-piece,  the  position  of  the 
star-image  can  be  turned  through  180°  by  rotating  the  prism  through  90°,  and  thus 
the  apparent  motion  of  a  star  across  the  field  of  the  telescope  reversed.  If  the  star, 
the  eye-piece  being  normal,  crossed  the  meridian  from  west  to  east,  then  on  turn- 
ing the  prism  through  90°  it  would  appear  to  cross  from  east  to  west.  Each  night 
the  pairs  were  observed,  one  star  was  taken  reversed,  the  same  star  being  reversed 
on  alternate  nights.  By  comparing  the  observations  on  two  successive  nights 
the  difference  between  a  reversed  and  a  normal  observation  was  obtained. 

The  apparent  right  ascension  of  each  star  was  determined  for  every  night  it 
was  observed  by  using  the  following  equation: 

a  =  AT  +  T  +  c  sec  8  +  m  +  n  tan  8 
where  a  =  the  apparent  right  ascension, 
AT  =  the  clock  correction, 
T  =  the  clock  time  of  transit  of  star; 

c  sec  8,  m  and  n  tan  8  are  corrections  depending  on  the  collimation,  level  and 
azimuth  of  the  instrument. 

The  clock  correction  AT  used  was  that  given  by  3  or  4  stars  whose  declinations 
were  not  more  than  10  degrees  greater  or  less  than  the  pairs  to  be  compared  and 
whose  right  ascensions  were  not  greater  nor  less  by  more  than  an  hour.  The  m 
and  n  were  determined  from  all  the  stars  observed  on  that  night.  The  difference 
Act  between  the  value  of  a  thus  obtained  and  aa,  that  given  by  the  catalogues,  is  a 
measure  of  the  error.  The  value  of  Aa  was  found  for  a  reversed  and  a  normal 
observation  and  the  difference  (r— n)  was  twice  the  error  of  bisection.  For 
the  sake  of  comparison  these  values  were  all  expressed  in  equatorial  interval. 
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An  example  of  the  computation  follows: — 


Stars. 

Date. 

AT 

AT 

ObsJ  r 

a 

Aa 

823 

OOl 

852 

8331 

835/ 

823 

831 

852 

8331 

835/ 

833 
835 

S 

14  07 
14-09 
14-13 

s 

s 

s 

s 

s 

14-10 

Sept.  28,  1910 

r 
n 

2-52 
47-61 

16-49 
61-58 

16-54 
61-58 

-•05 
■00 

14-12 
1406 
14  07 

14  08 



Sept.  30  

n 
r 

2-57 
47-62 
(r-n)  cos  5 
-059 
•034 

16-54 
61-59 
J  (r-n)  cos  5 
-•029 
•017 

16-52 
61-55 

•02 
•04 

r-n 
-•07 
•04 

cos  5 

•841 

■841 

The  value  of  (r  —  n)  cos  5  was  found  for  each  star,  the  sign  being  changed 
for  stars  north  of  the  zenith,  and  was  weighted  according  to  the  number  of 
observations  on  each  and  the  most  probable  value  obtained  from  them. 

My  personal  error  obtained  from  118  (r  —  n)  observations  on  48  stars  is 
.0013  sec,  weight  118,  and  that  of  R.  M.  Stewart  who  had  138  (r  —  n)  observations 
on  70  stars  is  .0260  sec,  weight  138.  In  my  case  the  value  is  so  small,  and  quite 
within  the  range  of  accidental  errors,  that  my  error  of  bisection  may  be  taken  as  zero. 
In  Mr.  Stewart's  case,  however,  we  see  that  he  has  an  error  of  bisection  and  that 
he  sets  his  wires  behind  the  star  when  the  transit  is  north  of  the  zenith  and  in 
advance  of  the  star  when  the  transit  is  to  the  south. 

The  results  were  examined  to  see  if  the  error  in  any  way  depended  on  the  de- 
clination of  the  star.  To  do  this  the  stars  were  arranged  in  groups  for  every  5 
degrees  of  declination  and  weighted  according  to  the  number  of  observations  in 
each. 

The  following  tables  will  show  these  values : 


D.  B.  Nugent. 


R.  M.  Stewart. 


Declination. 


Error. 


10°  to  15' 

15  "  20 

20  "  25 

25  "  30 

30  "  35 

35  "  40 

40  "  45 

50  "  55 

55  "  60 

70  "  75 


■006 
•008 
•003 
•002 
■008 
•010 
•011 
•003 
•002 
•001 


•0016 


Weight. 


12 
7 
13 
4 
20 
21 
12 
6 
9 
14 


118 


Declination. 


Error. 


10°  to  15' 

15  "  20 

20  "  25 

25  "  30 

30  "  35 

35  "  40 

40  "  45 

45  "  50 

50  "  55 

55  "  60 

70  "  75 

75  "  80 


•0262 


016 

8 

027 

5 

035 

9 

021 

6 

043 

10 

022 

30 

025 

14 

031 

11 

030 

5 

010 

8 

028 

24 

027 

8 
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In  neither  case  do  we  see  any  systematic  change  depending  on  the  difference  in 
declination.  The  difference  between  the  error  of  any  group  anil  the  mean  error 
is  so  small  that  I  think  we  may  take  it  to  be  within  the  limits  of  accidental  errors. 

The  stars  were  next  grouped  according  to  their  magnitudes,  the  difference 
between  the  smallest  and  the  greatest  of  any  group  being  0.5  of  a  magnitude. 
No  relation  between  the  error  and  the  magnitude  of  the  star  was  established. 


D.  B.  Nugent. 


R.  M.  Stewart. 


Magnitude. 


2 

to 

2-5  

3 

3-5  

3-5 

a 

4  

4 

a 

4-5  

4-5 

a 

5  

5 

a 

5-5  

5-5 

6  

6 

u 

6-5  

6-5 

7  

7-2 

Error. 


s. 
-005 
-•016 
•006 
•Oil 
•014 
-005 
-014 
•004 
•012 
-014 

-  0007 


Weight. 


9 
5 
18 
15 
20 
16 
16 
14 
1 
4 

118 


Magnitude. 


1  

2  to  2-5 

3  ■  3-5 

3-  5  4 

4  "  4-5 

4-  5   "  5 

5  "  5-5 

5-  5    "  6 

6  "  6-5 
7-2  


Error. 


Weight. 


s. 

•019 

1 

•021 

11 

•015 

8 

•028 

13 

•030 

17 

•023 

20 

•026 

27 

•029 

23 

•028 

17 

•009 

1 

•0227 

138 

For  stars  over  80°  declination,  whose  motion  is  slow  compared  with  one  at  the 
equator,  the  method  of  observation  was  changed,  a  reversed  and  a  normal  observa- 
tion being  obtained  of  the  same  transit  instead  of  taking  the  whole  transit  normally 
one  night  and  reversed  the  next  as  was  the  case  with  those  we  have  considered. 

In  following  the  star  across  the  field  of  the  instrument  twenty  settings  are 
recorded,  which  are  arranged  in  four  groups  of  five  settings,  two  groups  being  placed 
symmetrically  on  each  side  of  the  line  of  collimation.  With  this  arrangement  the 
first  and  the  last  group  may  be  observed  with  the  eye-piece  normal  and  the  second 
and  the  third  with  it  reversed,  or  vice-versa,  thus  giving  the  time  of  transit  obtained 
with  the  star  moving  in  opposite  directions.  The  difference  between  a  normal 
and  a  reversed  observation,  changing  the  sign  for  stars  at  lower  culmination,  was 
taken  as  twice  the  error  of  bisection  and  for  comparison  these  were  reduced  to  the 
equatorial  interval. 

My  error,  determined  from  100  observations  on  16  stars,  is  .0025  sec,  which 
may  be  considered  as  zero;  and  that  of  Mr.  Stewart,  determined  from  14(5  observa- 
tions on  19  stars,  .0162  sec,  a  value  slightly  smaller  than  in  the  case  of  stars  from 
10°  to  80°  declination. 

As  in  the  former  case  the  results  were  examined  to  see  if  there  were  any  changes 
depending  on  the  declination  or  the  magnitude.  The  error  was  also  determined 
separately  for  the  stars  observed  at  upper  culmination  and  for  those  observed  at 
lower.  The  changes  were  so  small  in  all  four  cases  for  both  observers  that  they 
were  probably  due  to  accidental  errors.  The  following  table  will  show  these  values 
for  the  two  observers: — 
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D.  B.  Nugent. 


R.  M.  Stewart. 


Declination. 


80°  to  85°  

85  "90  

Magnitudes. 

4  to  4-5  

5  "  5-5  

5-5  "  6  

6  "  6-5  

7  «  7-5  


Stars  at  Upper 
Culmination . 


Error. 


Stars  at  Lower 
Culmination.. 


s. 
•0013 
•0041 


•0018 
•0007 
•0034 
•0042 
•0062 


■0020 
•0032 


Weight. 


59 
41 


24 
38 
13 
13 
12 


62 
3S 


Declination. 


S0°  to  S5°  

85    "  90  

Magnitudes 

2   to  2-5  

4  ■  4-5  

4-  5  "  5  

5  "  5-5  

5-  5  "  6  

6  "  6-5  

6-  5  "  7  

7  "  7-5  

Stars  at  Upper 
Culmination . 

Stars  at  Lower 
Culmination  . 


Error. 


Weight. 


a.  _ 

■0178 

71 

■0146 

75 

•0074 

8 

•0163 

16 

•0154 

20 

•0211 

40 

•0153 

29 

•0110 

11 

•0143 

9 

•0147 

13 

•0177 

67 

•0148 

79 

The  results  obtained  from  the  whole  investigation  may  be  summarized  as  fol- 
lows : — 

(a)  That  D.  B.  Nugent  has  no  personal  error  of  bisection. 

(6)  That  R.  M.  Stewart  has  an  error,  always  setting  the  wires  to  the  left  of 
the  star  image. 

(c)  That  in  neither  case  does  the  error  depend  upon  the  magnitude  of  the  star 
observed  or  whether  it  is  observed  at  upper  or  at  lower  culmination. 

(d)  That  for  R.  M.  Stewart  there  is  a  small  difference  between  the  value  ob- 
tained from  stars  under  80°  and  that  from  stars  over  80°  in  declination,  but  there 
does  not  appear  to  have  been  any  systematic  change  in  either  group  depending  on 
the  declination. 


330 


DEPARTMENT  OF  THE  INTERIOR 

3  GEORGE  V.,  A.  1911 


TABLE  L 

OBSERVATIONS  FOR  PERSONAL  EQUATION. 
(Corrected  for  clock-rate  and  difference  of  longitude). 


Date. 


Sidereal 
Time. 


Clamp 
(Mer.  Circle) 


Clock-correction. 


M 


1910 


9  20 
9  00 
11  20 

11  00 
10  40 

12  50 
10  15 
10  20 
12  50 
10  40 
10  20 
10  20 

10  20 

11  15 
9  45 

12  45 

10  15 

11  50 

11  45 

13  05 
13  45 

12  50 
15  10 
15  10 
15  10 

15  10 

16  10 
16  10 
16  05 
16  05 
21  45 
23  10 
23  25 
21  35 
23  50 
23  20 


W 
W 
W 
\V 
E 
E 
E 
E 
E 
E 
E 
E 
W 
W 
\Y 
\V 
W 
W 

w 
w 
w 
w 

E 
E 
W 

w 
w 
w 

E 
E 
E 
E 
E 
E 
E 
E 


8., 

4  847 


4-474 

3-882 
3-797 


-14-823 


-  4-649 
-20-905 


1-217 


1029 
'•834' 
■320 


•286 
2-497 

2-  679 

3-  07S 
3- 170 
3-269 
3-374 
3-528 
3-673 


19-404 
19-754 


4-951 


-14-803 


-16-705 
-16-571 


1-613 
1-511 


1-0S5 

'•898' 


-  -664 


-  -345 

"  2-4S7' 

2-  687 

3-  057 
3110 


18-965 


21-SS0 
24-790 
27-605 


E. 

4-823 
4-934 
4-439 
3-820 
3-904 
-14-697 
-14-712 
-16-719 


-  4-592 
-20-884 

-  1-576 

-  1-495 


1056 
•941 
•900 


-  -488 

-  -433 

-  -436 
2-539 

2-  791 

3-  051 
3-107 
3-232 
3-337 
3-660 
3-7S5 

19- 132 
19-524 
19-859 
21-968 
24-S72 
27-752 


3-778 

-14-732' 

-16-706 
-16-606 

-  4-673 
-20-932 

-  1-618 


534 
298 
160 
074 
979 
952 
677 
424 


■442 
2-545 
2-785 
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TABLE  II. 

OBSERVED  VALUES  OF  COLLIMATION  AND  LEVEL. 


Date. 

Clamp. 

Observer. 

Time. 

Collima- 
tion  Line. 

Time. 

Vertical 
Line. 

1910 

h.  m. 

r 

h.  m. 

r 

Mar.  11 

W 

S 

9  25 

9-5932 

11  05 

9-6106 

16  

E 

S 

9-60S0 

9-5426 

17  

W 

S 

8  30 

9-6043 

8  00 

9-6438 

w 

s 

10  25 

9-6055 

11  05 

9-6336 

18  

W 

N 

6  55 

9-5944 

7  20 

9-6255 

w 

N 

11  05 

9-5926 

11  25 

9-6256 

w 

N 

23  15 

9-5950 

22  45 

9-6304 

19  

w 

S 

9  40 

9-5900 

9  55 

9-6276 

w 

S 

2  20 

9-5954 

1  50 

9-6273 

w 

S 

8  00 

9-5930 

8  20 

9-6242 

22  

w 

N 

4  00 

9 ■ 5950 

4  20 

9-6267 

w 

CS 

23  30 

9-6003 

9-6304 

w 

cs 

23  30 

9-6069 

23  40 

9-6356 

w 

CS 

23  20 

9-6094 

9-6310 

w 

S 

4  15 

9-6087 

4  30 

9-6279 

w 

cs 

23  30 

9-6026 

9-6314 

26  

w 

S 

9  20 

9-6095 

9  35 

9-6303 

w 

S 

11  50 

9-6167 

12  25 

9-6388 

u 

w 

s 

1  45 

9-60S0 

2  00 

9-6358 

M 

OQ 

w 

s 

2  20 

9-6004 

2  55 

9-64S2 

w 

cs 

7  25 

9-6107 

7  15 

9-6359 

w 

cs 

13  30 

9-6166 

13  45 

9-6386 

w 

N 

23  15 

9-6118 

23  30 

9-6389 

OA 

29  

VV 

cs 

23  05 

9-6174 

23  30 

9-6382 

Apr. 

w 

N 

6  35 

9-6204 

6  50 

9-6332 

a 

Q 

w 

s 

8  05 

9-6267 

8  20 

9-6410 

w 

s 

12  30 

9-6313 

12  00 

9-6406 

It 

3 

w 

s 

6  20 

9-6222 

6  55 

9-6501 

E 

s 

8  35 

9-6212 

8  15 

9-5565 

E 

s 

11  25 

9-6264 

11  10 

9-5593 

a 

4 

IT 

NT 

2  25 

9-6247 

2  45 

9-5556 

S. 

E 

N 

3  05 

9-61S5 

3  20 

9-5479 

E 

CS 

9  00 

9-6209 

9-5481 

E 

cs 

11  30 

9-6248 

11  45 

9-5568 

u 

6 

E 

N 

2  50 

9-6204 

3  20 

9-5604 

E 

S 

10  20 

9-6297 

11  40 

9-5615 

it 

8 

E 

N 

y - Do4U 

y ■ oo/ j 

E 

N 

10  10 

9-6394 

10  20 

9-5380 

E 

N 

13  25 

9-6289 

13  35 

9-5403 

E 

CS 

23  45 

9-6274 

24  00 

9-5407 

u 

10 

E 

s 

7  05 

9-6310 

7  25 

9-5400 

E 

s 

10  35 

9-6312 

10  50 

9-5443 

u 

11 

E 

N 

3  50 

9-6316 

4  05 

9-5355 

E 

N 

7  00 

9-6276 

7  10 

9-5391 

E 

N 

10  30 

9-6308 

10  45 

9-5452 

u 

12 

E 

N 

10  05 

9-6355 

10  15 

9-5430 

E 

N 

12  30 

9-6362 

12  40 

9-5385 

13 

E 

S 

7  55 

9-6311 

8  15 

9-5362 

E 

S 

10  15 

9-6257 

10  30 

9-5402 

u 

14 

E 

,  S 

7  15 

9-6250 

7  30 

9-5459 

E 

s 

10  15 

9-6275 

10  30 

9-5493 

a 

19 

E 

N 

2  45 

9-6233 

3  00 

9-5442 

u 

20 

E 

N 

3  40 

1  9-6308 

4  00 

9-5467 

Temp. 
(Cent.) 


Adopted 
Coll. 


Adopted 
Level. 


-0-2 
2-8 
2-8 


4-  7 
9-5 
9-2 
6-8 
6-8 
3-8 
6-9 

130 

13-  2 

8-  1 
10-8 
10-5 
10-2 
100 

5-  8 
10-2 

9-  6 
60 
9-8 

15-4 
15-3 

14-  7 
14-4 
110 

6-  0 

5-  8 

'5-6 

6-  7 
40 

7-  7 

5-  9 
2-8 
2-2 
2-5 

6-  7 
60 
9-3 

8-  5 
13-2 
12-6 


•054 


•109 


■018 


•103 


•0S1 


•069 


•091 


•075 


•038 


•212 


•108 


•098 


•092 

'•m 

■089' 
-0S2' 


•306 


286 


•280 
■306' 
•290' 
•253' 
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TABLE  II. 

OBSERVED  VALUES  OF  COLLIMATION  AND  LEVEL — (Continued). 


Date. 

Clamp. 

Observer. 

Time. 

Collima- 
tion  Line. 

Time. 

Vertical 
Line. 

Temp. 
(Cent.) 

1910 

h.  m. 

r 

h.  m. 

r 

O 

Apr.  21 

E 

N 

6  45 

9-6292 

7  00 

9-5481 

12-5 

E 

N 

9  45 

9-6322 

10  00 

9-5534 

11-3 

Hi 

N 

23  15 

9-6300 

23  40 

9-5562 

12-8 

"  22 

w 

N 

1  10 

9-6447 

1  30 

9-6779 

140 

w 

N 

6  35 

9-6385 

6  50 

9-6781 

15-4 

w 

N 

9  45 

9-6426 

10  00 

9-6709 

12-6 

"  25 

w 

s 

7  35 

9-6409 

7  55 

9-6688 

15-1 

w 

s 

9  50 

9-6477 

10  15 

9-6677 

13-9 

w 

N 

u  oo 

9-6486 

6  50 

9-6623 

15-8 

27 

w 

s 

8  30 

9-6482 

8  50 

9-6S13 

10-8 

'w 

s 

12  00 

9-6536 

12  25 

9-6S39 

3-3 

"  28 

vv 

N 

6  35 

9-6427 

6  50 

9-6834 

8-3 

w 

N 

9  30 

9-6462 

9  45 

9-6885 

6-3 

"  30 

w 

s 

7  00 

9-6496 

7  15 

9-6832 

10-5 

w 

s 

9  55 

9-6521 

10  10 

9-6841 

9-4 

May  3  

w 

N 

6  45 

9-6402 

7  20 

9-6813 

90 

w 

N 

10  15 

9-6472 

10  30 

9-6828 

7-6 

"  5 

w 

s 

8  10 

9-64S6 

8  25 

9-6810 

11-3 

w 

s 

11  50 

9-6562 

12  05 

9-6893 

7-9 

6 

w 

N 

9  20 

9-6465 

9  35 

9-6779 

12-4 

.  w 

N 

12  00 

9-6544 

12  15 

9-6821 

"  7 

w 

s 

7  40 

9-64S6 

7  55 

9-6722 

16-4 

w 

s 

12  25 

9-6597 

12  40 

9-6763 

11-8 

"  10 

w 

N 

6  45 

9-6480 

7  00 

9-6776 

140 

w 

N 

10  45 

9-6540 

11  00 

9-6S00 

11-2 

"  11 

w 

s 

7  10 

9-6582 

6  55 

9-6851 

12-1 

w 

s 

12  30 

9-6647 

12  45 

9-6890 

8-4 

■  12 

w 

N 

7  10 

9-6551 

7  25 

9-6S11 

11-2 

w 

N 

11  00 

9-6556 

11  15 

9-6825 

5-2 

"  14 

w 

N 

9  40 

9-6708 

9  55 

9-6824 

9-3 

"  15 

w 

s 

7  10 

9-6583 

7  30 

9-6806 

13-4 

w 

s 

12  30 

9-6620 

12  45 

9-6799 

8-7 

"  16 

E 

N 

7  15 

9-6514 

7  30 

9-5961 

15-6 

E 

N 

11  30 

9-6584 

11  45 

9-6000 

11-8 

■  17 

E 

s 

7  55 

9-6600 

8  15 

9-6019 

17-8 

E 

s 

10  20 

9-65S2 

11  10 

9-6054 

160 

■  18 

E 

N 

6  45 

9-6568 

7  00 

9-599S 

11-7 

"  19 

E 

S 

8  25 

9-6588 

8  40 

9-5987 

13-3 

E 

S 

13  10 

9-6634 

13  30 

9-5995 

8-8 

"  21 

E 

N 

7  45 

9-6512 

8  00 

9-5909 

15-3 

E 

N 

11  15 

9-6593 

11  30 

9-5997 

13-4 

«  22 

E 

s 

9  20 

9-6594 

9  30 

9-5976 

16-7 

"  26 

W 

N 

7  45 

9-6625 

8  00 

9-6S05 

15-7 

W 

N 

12  45 

9-6662 

13  15 

9-6872 

10-5 

«  27 

W 

S 

8  35 

9-6608 

8  55 

9-680/ 

15-0 

W 

s 

13  35 

9-6658 

13  50 

9-6862 

11-4 

"  28 

W 

N 

7  45 

9-6599 

8  00 

9-6797 

19-4 

w 

N 

11  50 

9-6616 

12  05 

9-6792 

15-6 

"  30 

w 

N 

7  15 

9-6574 

7  30 

9-6796 

15-4 

w 

S 

8  30 

9-6632 

8  45 

9-6816 

15-2 

3 

w 

S 

7  20 

9-6644 

7  30 

9-6888 

13-4 

w 

S 

11  50 

9-6712 

12  05 

9-6989 

7-8 

4 

w 

s 

7  50 

9-6633 

8  10 

9-6851 

13-5 

w 

s 

12  50 

9-6670 

13  10 

9-6869 

9-1 

7 

w 

s 

11  40 

9-6647 

11  50 

9-6800 

12-5 

w 

s 

15  15 

9-6685 

15  30 

9-6832 

9-5 

Adopted  Adopted 
Coll.  Level. 


•097 


•129 

■iii 


•257 


•109 
•077' 


-•162 

•102 

—  -i-ii 

1  *j  i 

1 

•  lUo 

—  •  ioy 

•  I/O 

1  ft7 

•  IUO 

—  •  10U 

Oft£ 

—  *l/4 

•Uoo 

Aon 
■059 

—  -196 

•0S2 

-176 

•085 

•000 

•065 

•016 

•183 

-003 

•178 

•004 

•199 

•015 

•193 

-014 

•063 

-011 

•065 

-•002 

•060 

-  025 

•0S4 

-017 

■067 

-•021 

■048 
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Date. 

Clamp. 

Observer. 

i  ime. 

Oollima- 
tion  Line. 

i  ime. 

\  ertical 
Line. 

1  emp. 
[K^ent. ) 

1910 

h.  m. 

r 

h.  m. 

r 

0 

June 

8 

w 

"NT 

JN 

7  AA 

t  uu 

A  AA1  *> 

71- 
/  10 

A  ACAX 

y*ooUo 

1  A  O 

lb- J 

w 

IN 

11  15 

9-6664 

11  30 

9-6808 

12-5 

9 

W 

b 

7  A(\ 

A        1 7 

y  •  0O4/ 

7 

/  OU 

A  A""07 

y-o* zi 

1 7  a 
li  -O 

w 

Q 

o 

1  o  no 
LZ  UU 

A  AACO 

V(  •  OOoo 

IO  1  r, 
U  lo 

A  A770 

y-o/ iz 

1 0  0 

b 

no  o: 

ZZ  OO 

A  AAA  1 

y ■ OOU4 

Hi 

b 

OQ  XA 
Zo  OU 

y • ooo/ 

10 

T? 
Hj 

XT 

JN 

o  oU 

A  AAOA 

y • OOJO 

0  40 

A  AA77 

y -ou/ / 

Hj 

XT 

JN 

ii  in 

11  1U 

n  axa  i 

y • ooy4 

I  1  OA 

II  ZU 

A  AA77 
y • OU/ / 

ICO 

10-D 

13 

1±j 

XT 

JN 

-  AA 
/  UU 

\i  •  OOoo 

7  on 

A  AAA1 

y ■ ouoi 

OO  O 

Hj 

XT 

JN 

in  in 
LZ  1U 

A   A  AO  X 

y • oo-o 

1 0  ox 

A  AACO 

y • ouoz 

1&-0 

14 

Hj 

b 

7  OS 

/  zo 

A  AAAA 

y ■ oooy 

7  /IK 
/  40 

A  Al  XA 

y  •  oioo 

" 

15 

Hj 

b 

/  10 

A  AAK7 

y ■ ooo/ 

7  O  X 
/  OO 

A  Al  4A 

y -0140 

Hj 

b 

IJ  Uo 

A  A"71 

y • o ix o 

IO  IX 
IZ  lO 

A   Al  7 A 

y- oi/y 

inn 

" 

17 

Hj 

XT 

JN 

o  nn 
o  UU 

A  AAAO 

y  •  ooo  j. 

O    1  X 

0  lo 

A  A 1  O  X 

y • olzo 

W 
W 

XT 
JN 

O  OU 

A  AA70 

y -oo*  o 

1  AX 
4  U0 

A   A71  X 

y • 0/ 10 

" 

18 

W 

w 

XT 

JN 

TIC 

/  15 

A  AAOO 

y-oooo 

7  OA 

/  oU 

A  AAAA 

y-ooyy 

w 

XT 

JN 

11  lo 

A  AACC 

y ■ oooo 

I  1  QA 

II  oU 

9*  6/65 

on  a 

" 

19 

w 
w 

b 

7    1 A 

/  1U 

A  AAKA 

y ■ oooy 

7  OX 

/  zO 

A  A70Q 

y -o/oo 

of  n 

w 
w 

b 

I  1  OK 

II  Zo 

Q  AAC7 

y ■ ooo/ 

11  1A 

11  4U 

A  A7i7 

y • 0/4/ 

Ol  0 

" 

23.  . 

w 

w 

b 

A  cc 
0  00 

O  AAA7 

y ■ ooo/ 

7    1  K 

/  10 

A  AAAO 

y -ooyo 

oo  n 

b 

1  O  OK 

1Z  Jo 

A  AAA1 

y- ooyi 

IO    1 A 

U  4U 

A  A""  1  A 

y-  0<44 

1  "7  O 

11 -8 

" 

24 

W 

b 

O  AA 

o  uu 

A  AAAA 

y ■ oooo 

C  OA 

b  JU 

A  ATI  A 

y-o/ iy 

OQ  Q 

Z6-6 

" 

25 

w 

b 

•7  Af\ 

/  4U 

A  AAOC 

y • oooo 

7  XX 

/  OO 

A   AA  A  A 
y *  0O44 

or:  Q 
13-6 

W 

b 

1  O  IK 

IZ  lo 

A  AAQ7 

y ■ oco/ 

10  ox 

1J  OO 

A  A7A  A 
y -0/U4 

19-9 

" 

28.  , 

Hi 

b 

7  OK 
7  ZD 

A  A7AO 

y • 0/UJ 

7  /iA 

f  4U 

9-6185 

23S 

Hj 

b 

I  1  ct 

II  oo 

A   A70  4 

y  -  0/  o4 

10  IX 

\1  lo 

A   A1  "7 

y-bl77 

17-6 

29. 

Hj 

b 

/  4o 

A  A7A7 

y • o/U/ 

7  XX 

/  OO 

9-6191 

24-2 

b 

I  1  r- 

II  OO 

A   A71  O 

y-o/ lo 

IO    1  A 

\1  1U 

9-6199 

20-6 

July 

4, 

Hj 

b 

C  OA 

©  oU 

A   A70 1 

y-o/jii 

Q  a  r. 
0  4o 

9-6193 

22 '8 

Hj 

b 

lz  Uo 

A   A7  A  O 

y-o/4o 

10  ox 

9 • 6153 

190 

5  

Hj 

o 
O 

*7  OA 
7  ZU 

A  A7A7 

y-o/U/ 

7  ox 
/  00 

9 • 6255 

25-2 

Hj 

b 

I  1  XA 

II  .id 

A   AAA  A 

y • ooy4 

1 0  AX 

1J  Uo 

9-6193 

19- 1 

6  

"IT 
Hj 

XT 

JN 

7  OA 

7  oU 

A  A701 

y-o/oi 

7  AC 

/  45 

A  COO? 

y  ooz7 

26  0 

Hj 

XT 

JN 

1  A  OA 

1U  oU 

A  A7AQ 

y • o/uo 

1  A  /I  X 

1U  4o 

A  AOOA 

y •OoZy 

23  0 

11  

TP 
Hj 

XT 

JN 

7  if 

/  10 

A  A7AA 

y • o/uy 

7  /I  X 

/  40 

A  Al  7A 

y-oi/u 

25-4 

Hj 

XT 

JN 

1  A  QS 

1U  oO 

A  A701 

y • o/zi 

1 A  XA 

1U  OU 

9-6178 

22-2 

«• 

13 

"17 
Hj 

XT 

JN 

"7  AA 
/  UU 

A  A*""AO 

y-o*uo 

7    1  X 

/  lo 

A  Al  JlO 

y-014j5 

25-2 

Hj 

XT 

JN 

i  A  r  A 
1U  OU 

A  A7A7 

y • o/u/ 

I  1  AX 

II  Uo 

9-6194 

21-2 

u 

16 

E 

s 

C  OA 

o  oU 

A  A7QA 

y-o/oy 

C  XA 

0  oU 

9 • 6247 

23 '3 

E 

s 

1  O  AX 

lo  Uo 

A  A7CO 

y-o/oo 

10  ox 
lo  Jo 

9-6188 

16-4 

U 

19 

E 

s 

7  CC 

7  oo 

A  A701 

y  •  o/jii 

O    1 A 
O  1U 

9-6244 

23-2 

E 

s 

1  O  OA 

IZ  oU 

A  A70K 

y-o/jo 

1 0  XA 

IZ  oU 

9 ■ 6220 

17-8 

u 

20 

E 

N 

O    1  A 

Z  1U 

A  A70A 

y-o/oU 

0  ox 
Z  ZO 

9-6193 

23-4 

W 

N 

O    A  A 

o  4U 

A  A71  K 

y-o/ lo 

A  AA 

4  UU 

9-6752 

u 

25 

W 

N 

8  40 

9-6726 

8  55 

9-6765 

23-2 

a 

26 

w 

s 

7  55 

9-6719 

8  10 

9-6790 

23-9 

w 

S 

12  25 

9-6769 

12  45 

9-6792 

19-6 

u 

28, 

w 

N 

9  30 

9-6754 

9  45 

9-6788 

23-0 

w 

N 

12  30 

9-6820 

12  45 

9-6800 

150 

30 

w 

N 

9  45 

9-6747 

10  00 

9-6775 

21-2 

w 

N 

12  45 

9-6662 

13  00 

9-6786 

15-4 

Aug 

2 

w 

'  S 

9  00 

9-6723 

9  15 

9-6720 

22-2 

4 

w 

S 

7  40 

9-6734 

7  55 

9-6665 

22-4 

u 

7 

w 

s 

7  50 

9-6724 

8  05 

9-6705 

21-5 

w 

8 

11  45 

9-6726 

12  00 

9-6741 

18-3 

it 

8 

w 

N 

8  15 

9-6718- 

8  30 

9-6709 

21-5 

w 

N 

11  40 

9-6748 

11  55 

1  9-6726 

18-6 

Adopted  Adopted 
Coll.  Level. 


s. 

-012 
-•02l' 


■003 


•002 


•028 


•020 
•03S' 


•035 
•642' 


•032 
•038' 


•037 
•034" 


•047 
■040' 


8. 

•054 


•027 


•171 


•172 


■168 


•020  -022 
•023 -022' 


■004 
•173' 


•166 

•  iso' 


•153 
•126' 


■174 
•173' 


•170 
•158" 


-•046 

•015 

-•060 

•002 

-034 

•024 

-•040 

-•001 

-040 

-•001 

-•043 

-•005 
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TABLE  11. 

OBSERVED  VALUES  OF  COLLIMATION  AND  LEVEL  (Continued). 


Date. 

d 

a 
a 

> 

o 

1  ime. 

Collima- 
tion  Line. 

1 1  me . 

\  ertical 
Line. 

1  emp 
(Cent. 

1910 

h.  m. 

r 

h.  m. 

r 

o 

A  iic 

9 

\\ 

f 

7    A  C 

/  45 

a  ati  4 

T  n  z. 
i  OO 

A  AA**4 
y   DOl  4 

OO  A 

16  -4 

u 

11 

W 

| 

7  la 

9-6704 

T    1  A 
7  1U 

y  DoOo 

OO  T 
J  J  •  t 

\\ 

o 

12  20 

y ■ o*oo 

in    O  - 

\1  6o 

9-6848 

ID  O 
15-  J 

it 

io 

\\T 
\\ 

XT 

IN 

i  i\  - 
(  Uo 

y ■ D i UO 

T  OA 
/  JU 

A   AC  A  4 

y-oS04 

04  O 

J4  ■  6 

W 

XT 

JN 

11  15 

a  Atka 
y- D/OD 

I  1  OA 

I I  oU 

A  AO  SO 
y -OOOJ 

1  A  A 

iy -o 

U 

18 

Hi 

C! 

a 

11  35 

A   AT  ,4  4 

y-o* 44 

11  50 

9-6180 

1  O  A 

lVO 

hi 

a 

14  20 

9-6731 

14  40 

9-6162 

ISA 

loU 

it 

19 

Hi 

XT 
JN 

7  I1A 
/  UU 

T  in 
/  10 

A  AHAT 

y-ooy/ 

OA  O 

J0-o 

Hi 

XT 

JN 

A   A"  1  O 

y*o<  io 

1  A  AS 

lu  UO 

A  A1  AS 

y-oioo 

1  A  1 

lb- 1 

u 

20 

E 

s 

8  00 

9-6733 

7  45 

9-6103 

20-9 

Hi 

a 
o 

12  00 

9-6754 

1  O  OA 
1J  JU 

A  CAOA 

y  dOso 

1  A  O 

lo*  J 

a 

26 

Hi 

XT 

Tin 

7  15 

A  ATT1 

T  OA 

y ■ oyo j 

1  A  O 

iy- j 

Hi 

XT 

ri 

10  15 

y*D/ Jo 

1  A  OA 
10  OU 

A    SAA  4 

y-oyy4 

14  A 
14  •  U 

u 

29 

Hi 

XT 

7  00 

a  at  so 

7  Jo 

A    AA1  A 

y • ooiy 

OA  A 
JO'U 

H 

XT 

v* 

1A     1  - 

10  4o 

y-o* io 

1 1  An 
11  UU 

n  AAOQ 

y • ouoo 

ISO 
10*  6 

a 

31 

Hi 

XT 

JN 

9  15 

A  ATOO 

A  OA 

y  oo 

A  .'lid' 

OA  O 

JU  -  6 

Hi 

XT 

Pi 

in  a- 
\Z  Oo 

A   C7  4  4 
y- 0/44 

1  O  OA 
1J  JO 

A  AAAT 

y-ooy/ 

ISC 

Sept. 

1 

Hi 

o 

7  05 

A  ATTS 

T  IS 

f  lo 

A  AA"0 

y-o0( J 

lO-O 

Hi 

o 

12  25 

A  C77C 
y • O/ /D 

1  O    1  A 

1 J  1U 

A  AAT1 

1  1  A 
14-0 

a 

2 

TTl 

Hi 

XT 

JN 

7  oa 
7  30 

A   ATO  1 

T    1 S 

/  40 

A  AA  1  S 

y-ou4o 

lo-  4 

Tl 

Hi 

XT 

IN 

I  1  OA 

II  30 

A  ATOA 

y-o/ Jo 

11  4o 

A   AA  1  7 

y ■ bu4( 

1  o  o 
lo  -  J 

u 

7 

Hi 

□ 

11  45 

9-6751 

I  1  OA 

II  oO 

A  AATS 

y-oOrf o 

1 A  A 

ib-y 

I,i 

H 

Q 

o 

i ,•  -  - 

lb  03 

A  ATCO 

y-o/oJ 

1  A  OS 

Id  oo 

A   AA  1 A 

y • ou4y 

TO  A 
i  J-U 

u 

g 

H 

Lib 

t  AA 

1  UU 

y-o/ /y 

A  AAAA 

y • oudu 

1  A  A 

iy-u 

T~l 

Hi 

cs 

b 

12  10 

A  ATA1 

y-o<oi 

1  O  OK 

1J  Jo 

A   AA1  4 

y -ooi4 

1  T  C 

1  /  •  o 

a 

g 

T^l 

Hi 

XT 

JN 

7  30 

A    ATA  4 

y ■ o7o4 

T    1  K 

/  lo 

A  cnoo 

y-oyso 

1  A  S 

lo-o 

T7 

H 

XT 

JN 

I  1  AA 

II  UU 

A   A— SO 

11  IS 

11  10 

A    SO*"  4 

y • oy / 4 

11  A 
11-4 

u 

10 

E 

s 

8  10 

9-6750 

8  00 

9-5976 

160 

T7 

Hi 

13 

1.4  00 

A  C7A7 

9-079/ 

1  O    1  A 

A  SAA1 

y • oyu l 

1 0  1 

1  J*  1 

« 

13 

E 

c* 

o 

7  05 

9-o< /o 

0  OU 

A  SAAQ 

y-oyos 

ISA 

lo-u 

T? 
El 

o 

11  50 

A  C7nO 

9-o/yii 

tO    1 A 

1 J  1U 

A    SA  4  A 

y • oy4y 

A  A 

y  •  u 

m 

14 

Hi 

XT 

JN 

7    1 A 

7  4U 

9-o/ 1U 

7  OA 
/  JU 

A  SAOO 

y  ■  oy  j  j 

ISA 
10  ■  4 

T7 

hi 

XT 

JN 

11  15 

9-oiUo 

I  1  OA 

II  oU 

A  KAAA 

y-oyuu 

11  *J 
1 1  *o 

■u 

15 

E 

a 

b 

7  35 

9 • 6738 

7  On 

7  iJo 

A    KA1  O 

y • oyio 

1 A  O 
ID-  J 

E 

0 

12  15 

9 • 6761 

1  A  OA 

1J  dU 

A  CAAA 

y • oyoy 

11  A 
11*4 

M 

16 

W 

XT 

JN 

T  OA 
(  3U 

9o<Jl 

7  l  r. 

i  lo 

A  TAOA 

y* /Uou 

1 C  A 

lo-U 

W 

XT 

JN 

11  IE 

11  lo 

A   C71  7 

9-0/ 17 

I  1  OA 

II  oU 

A  TASA 

y • rfuoy 

1  1  o 
14  ■  J 

■a 

17 

w 

Q 

o 

7  20 

9 • 6739 

7    1 A 
7  1U 

A   TAA  4 

y • / uu4 

1  C  A 

lo-  0 

w 

a 

10  40 

9 • 6757 

l  A  n  ~ 

1U  OO 

A  TAOA 

y • i ojy 

ISA 
10*  D 

4t 

19 

w 

XT 

7  30 

9-6707 

7  15 

A  Tl  A1 

y-  / iui 

1 0  A 

lo*4 

w 

N 

10  45 

9-6739 

11  00 

9-7116 

10-8 

4t 

21 

w 

N 

7  00 

9-6699 

9-7059 

14-0 

w 

N 

12  25 

9-6802 

12  45 

9-7077 

8-0 

U 

22 

w 

S 

7  10 

9-6745 

7  00 

9-70S7 

130 

w 

s 

10  40 

9-6782 

11  10 

9-7183 

9-2 

u 

26 

w 

N 

6  45 

9-6708 

7  00 

9-7030 

14*8 

s 

N 

10  15 

9-6762 

10  30 

9-7042 

11-8 

41 

27 

w 

S 

8  35 

9-6705 

8  20 

9-6997 

14-4 

w 

S 

13  45 

9-6764 

14  05 

9-7125 

10-4 

If 

28 

w 

N 

7  30 

9-6698 

7  00 

9-7050 

13-5 

w 

N 

10  45 

9-6761 

11  00 

9-7097 

11-4 

a 

29 

w 

S 

6-45 

9-6722 

6  35 

9-7028 

15-3 

w 

S 

11  50 

9-6752 

12  05 

9-7153 

10-7 

a 

30 

w 

N 

6  40 

9-6720 

6  20 

9-7056 

16-8 

w 

N 

10  30 

9-6691 

10  4.5 

9-7092 

14-3 

Adopted 
Coll. 


Adopted 
Level. 


8. 


-041  -032 
-•042 -031' 


•035 

■  195 

■046 

■210 

•047 

•244 

nil 

•044 

■227 

•043 

•203 

•056 

•226 

•041 

•219 

•053 

•226 

■055 

•236 

•051 

•250 

■056 

■269 

•059 

•265 

•035 

•256 

•048 

•269 

-038 

■105 

-048 

•088 

-040 

•124 

-048 

•102 

-053 

•119 

-043 

•097 

-043 

•105 

-042 

"ni" 

-044 

■114 

-034 

•118 
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TABLE  It. 


OBSERVED  VALUES  OF  COLLIMATIOX  AND  LEVEL  (Concluded). 


Date. 

Clamp. 

Observer. 

Time. 

Uollima- 
tion  Line. 

Time. 

V  ertical 
Line. 

Temp. 
(Cent.) 

Adopted 
Coll. 

Adopted 
Level. 

1910 

h.  m . 

r 

h.  m. 

r 

o 

s. 

s. 

UCt.  L  

W 

b 

O  OK 

n  A70Q 

c  in 
o  1U 

n  70m 

y* / ZU4 

11  A 

11  -4 

S*  3. 

vv 

N 

7  30 

9-6736 

9-7115 

13-2 

-  045 

•126 

vv 

XT 

1U  oU 

fl  AT/IO 

y  •  o/4-i 

1 1  nn 
1 1  UU 

n  *7i  17 
y  •  / 14/ 

11  A 

11*4 

*  7. 

w 

N 

6  40 

9-6715 

6  55 

9-7381 

13-3 

—  046 

•215 

w 

XT 

JN 

1U  40 

1 1  nn 
1 1  OU 

O  T 1  on 

y  •  1 4oy 

Ci  A 

y*4 

"  10 

w 

N 

6  30 

9-6718 

6  45 

9-7291 

11-9 

—  •048 

■180 

w 

N 

10  40 

O  ATQO 

10  55 

n  70on 
y  ■  / OoU 

n  *7 

y  ■  / 

"  11 

w 

o 
O 

6  25 

9 ■ 6729 

6  10 

9-7200 

14-6 

—  -049 

•155 

w 

S 

i  n  on 
1U  oU 

O  ATTA 

i  n  ^n 
IU  OU 

n  to"" n 
y- fZfU 

11  o 

11  ■  z 

"  12 

E 

XT 

JN 

6  45 

9-6S07 

7  00 

9-5721 

8-8 

•06S 

•354 

E 

N 

n  a  c 

y  45 

fl  CCl  T 

y -D&1 / 

1U  Uo 

n  K*~nn 
y -O/UU 

o  n 

"  17  

7  ' 

n. 

XT 

JN 

6  35 

9-6731 

6  50 

9-5815 

13-7 

■041 

•296 

E 

N 

10  30 

9-6723 

10  45 

9-5799 

11-2 

«          1  Q 

E 

s 

A  or 
D  OO 

y  -  Orf  4/ 

A 

D  OO 

n  ccao 

i  o  n 
lo  *U 

•U4S 

onT 

•  jy7 

rj 

11  55 

9-6752 

12  10 

9-5789 

9-6 

«  in 

rj 

XT 

JN 

A  OA 

O  oU 

rv  ATon 

y ■ D/zy 

Air; 
D  lO 

n  sens 
y • OoUo 

1  E  A 

10  •  0 

no  r. 
•UOO 

ono 

*  jyj 

E 

N 

9  30 

9-6695 

9  45 

9-5800 

14-5 

«  on 

E 

s 

T  HA 

i  uu 

y  •  0/  ?S4 

A    1  ^ 

0  40 

y • ooio 

in  o 

•UOO 

one 
•oUo 

Hj 

Q 

o 

11  50 

9-6761 

12  15 

9-5833 

60 

"  21 

E 

S 

7  30 

9-6799 

7  15 

9-5758 

8-2 

•062 

-334 

E 

S 

11  00 

y -D/oO 

1  O    1  ." 

n  K7^7 

y -0/4/ 

A  *7 

4-  / 

"  OA 

17 

JL 

XT 

JN 

/  UU 

O  AT.4T 

y -0/4/ 

1  on 
t  oU 

y -0/41i 

a  n 
O-U 

noo 

ono 
•oUS 

E 

N 

9  30 

9-6592 

9  50 

9-56S3 

3-2 

Nov  r2 

TP 

XT 
JN 

7  00 

9-6556 

7  20 

9-5661 

6-6 

•018 

•279 

E 

N 

in  in 
1U  4U 

y-D(OD 

10  55 

9-5913 

o  o 

iS-O 

*  3  

Hi 

Q 

8  55 

9-6781 

8  35 

9-5844 

3-2 

"  4. 

Hi 

XT 
JN 

7  50 

9-6742 

7  30 

9-5838 

5-2 

•049 

•292 

T? 
Ej 

XT 
JN 

y  oo 

n  rtao 

in  i  R 
1U  10 

y-oo4y 

O  Q 

o-o 

8  

E 

S 

7  00 

9 • 6753 

6  30 

9-5846 

1*2 

•055 

•294 

E 

S 

i  o  nn 
11  UU 

n  A*7no 

y • D/y^ 

1  o  ore 
U  JO 

n  tccAn 

y • oooy 

O  T 

9  

Hi 

XT 
JN 

6  30 

9-6719 

6  05 

9-5843 

1-8 

•041 

•285 

E 

N 

in 

1U  uo 

n  A70  1 

i  n  on 
1U  JU 

n  soon 

i  n 

"  17 

E 

N 

t  nn 
(  UU 

n  tV70 1 

7  on 
1  oU 

n  c7no 

—  1  -o 



on 

W 

s 

-  y«n 
O  4U 

n  ATI  7 

r  i  >  r. 
0  ZO 

n  70C0 

i  n 
-  10 

noo 
—  Uoo 

1  OA 

•  184 

"  27  

W 

s 

6  15 

9 • 6707 

6  35 

9-7183 

0-2 

—  041 

•149 

W 

S 

9  50 

9-6745 

10  10 

9-7196 

—  1-4 

W 

S 

A  OS 

n  C77C 

O  Q 

—  OS 

"  -.  S  

w 

N 

6  10 

9-6829 

6  30 

9-7524 

—  6-2 

—  073 

■222 

w 

N 

10  20 

9-6828 

10  40 

9-7516 

-100 

6 

w 

S 

4  35 

9-6776 

9  50 

9-7032 

-  7-5 

"  8  

w 

S 

5  00 

9-6299 

4  30 

9-6837 

-  60 

•074 

•184 

w 

S 

10  20 

9-6443 

10  45 

9-7050 

-10-3 

9 

w 

N 

6  55 

9-6476 

6  40 

9-7093 

-110 

•022 

■198 

vv 

N 

10  05 

9-6588 

10  35 

9-7205 

-15-2 

«  10 

w 

S 

5  05 

9-6467 

4  30 

9-7278 

-11-8 

•043 

•249 

w 

S 

11  05 

9-6748 

11  20 

9-7487 

-14-2 

-048 

"  12 

w 

N 

7  00 

9-6644 

6  45 

9-7632 

-10-6 

-020 

•319 

w 

N 

10  15 

9-6682 

10  30 

9-7681 

-11-0 

*  16 

w 

N 

6  45 

9-6698 

7  00 

9-76S6 

-11-6 

"  21 

w 

N 

7  15 

9-6617 

7  00 

9-7812 

-  90 

-•022 

•378 

w 

N 

10  30 

|  9-6721 

10  50 

9-7874 

-130 

«  25 

w 
w 
w 

S 

;    4  20 

9-6665 
9-6735 
9-6646 

3  40 

9-7799 

-  8-8 
-12-2 
,-10.0 

"  30 

s 
s 

1 

8  50 
5  10 

7  45 

9-7678 
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REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE 


Date 


a  . 

o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


O  o 

6U 


o  *^ 

/- 


c  ft 

H  4- 
&S-< 

<-1 


•«  5 

4) 

-  , 


App.  R.A. 
from 
Obser- 
vation 


1910 


17 


Mar.  18 


Mar.  26 


1 

2 

3 

4 

5 

6 

7 

8 

9 
in 
11 
12 
13 
14 
15 
L6 
17 
is 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 


B.J.  320  

B.J.  323....... 

76  Draconis..  . 

B.J.  335  

B.J.  339  

B.J.  341  

B.A.C.  3097... 

B.J.  346  

B.J.  349  

B.A.C.  7504.. . 
1  H.  Draconis 

B.J.  358  

B.J.  360  

B.J.  368  

B.J.  374  

B.J.  383  

30  H.  Camel. 

B.J.  394  

B.J.  398  

B.J.  416  


L.C. 


L.C. 


8  27 
32 
4S 
52 
54 
57 

9  00 
07 


B.J.  296  

Groom.  1119. 

B.J.  314  

B.J.  320  

B.J.  323  

76  Draconis ... 
220  H1.  Drac. 

B.J.  339  

B.J.  341  

B.A.C.  3097.. 

B.J.  346  

B.J.  349  

1  H.  Draconis. 

B.J.  358  

B.J.  368  

B.J.  374  

B.J.  383  

B.J.  386  

30  H.  Camel. 

B.J.  390  

B.J.  394  

B.J.  398  


h.  m.  s. 

00- 12 
34- 10 
59-99 
59-36 
44-33 
25-52 
44  ■  72 
51-59 
1113 

19-  49 

20-  51 
47-28 
39-21 
32-97 
07-07 
37  05 
14-97 
49-67 
19-54 
22-29 


13 
17 

24 
26 
2S 
44 
52 
10  11 
20 
24 
29 
56 


L.C. 
L.C. 


B.J.  383  

B.J.  386  

30  H.  Camel. 

B.J.  394  

B.J.  398  

37  Leo.  Min. . 


N 

7  41  37-941 

U 

8  08  49-86, 

u 

16  36-49) 

27  00-02 

u 

32  33-981 

a 

49  00-32 

u 

51  33-56 

u 

54  44  09 

u 

57  25-31 

u 

9  00  44-61 

u 

07  51-55 

« 

13  11  05 

if 

24  20-13 

u 

26  47-15 

a 

44  32-71 

u 

52  06-99 

K 

10  11  36-89 

u 

16  54-80 

a 

20  14-54 

u 

22  37-42 

u 

24  49-35 

u 

29  19-33 

-054 
(-456) 


-018 
(•477) 


3 

IM  11 

34-58' 
56-96 
59-76 
44-70 
25-90 
45  04 
51-98 

11-  44 

12-  39 
23-19 
47-73 
39-51 

33-  60 
07-43 

37-  44 
18-16 

50-  22 
20- 11 

22-  85 

I 

38-  24' 
14-79 

36-  91 
00-38 

34-  58 
57  05 
30-95 
44-50 
25-80 
44-97 

51-  98 
11-39 

23-  36 
47-73' 
33-49 
07-39 

37-  31 
55-21 
18-38' 
37-76 
50  04 
20  05 


05  02 
39- 14 
01-73 
04-35 
49-25 
30-47 


8.  8. 

4-58  ■  4-54 


■177 


4-55 


56-57 
15-99 
17-98 
28-10 
52-32 
44  02 
38-18 
12  02 
41 -9S 
22-87 
54-74 
24-71 
27-48 


4-59 

4-  55 

5-  59 
4-91 


4-51 


4-59 
4-54 
4-71 


42-86 
22-61 
41-57 
05  00 
39-12 
01-83 
35-75 
49-24 
30-46 


4-62 
7-82 
4-66 
4-62 


4-78 
4-80 
4-74 


56-56 
15-98 
28  03 
52-311 
3S-17I 
12  02 

41-  97 
59-84 
22-83 

42-  39 
54-74 
24  70 


-1  ■  5S 
4-59 
4-67 


s 

10  11  37-46 

-•081 

37-78 

41-91 

4-13 

16  55-37 

(•421) 

55-67 

59-78 

411 

u 

20  15-82 

18-50 

22-36 

3-86 

u 

24  49-971 

50-  12 

54-66 

u 

29  19-93 

20-40 

24-63 

a 

33  36-46 

36-66 

4-63 
4-66 
4-63 
4-45 
4-63 


4-61 


8  27  04-98 
32  39- 12 


53  04-30 

54  49-24 
57  30-44 
00  49-58 
07  56-52 
13  15-98 


26  52-27 
28  44  05 
44  38-14 
52  11-97 
10  11  41-98 


24  54-76 
29  24-65 
56  27-39 

7  41  42-85 

81641-52 
27  04-99 
32  39- 19 


54  4911 
57  30-41 
9  00  49-58 
07  56-59 
13  1600 


414 


26  52-34 
44  38- 10 
52  12  00 
10  11  41-92 
16  59-82 

i' "  '22  42-37 
24  54-65 
J     29  24-66 

10  11  41-92 
16  59-81 


24  54-56 
29  24-54 
33  40-80 


Clamp  West. 


Adopted  clock-rate  zero. 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date    a  . 

2  o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


o 

.-Jl 
<  c 

S3 


"2* 

<< 


1910 
Mar.  26 


h.  m.  s. 


Apr.  2 


Apr.  3 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
41 
45 
46 
47 
4S 


B.J.  407  

B.J.  412  

47  Urs.  Maj  • 

B.J.  416  

B.J.  420  

B.J.  424  

B.J.  425  

39  H.  Cephei . . 

B.J.  441  

B.J.  447  

1  Can.  Yen. . . . 

B.J.  458  

Bradley  1672.. 

B.J.  461  

B.J.  467  

I  B.J.  470  

322  H.  Camel . 
43.H.  Cephei.. 

B.A.C.  7504... 
1  H.  Draconis. 

B.J.  358  

B.J.  360  

B.J.  368  

B.J.  374  

B.J.  383  

30  H.  Camel.. 

B.J.  398  

37  Leo.  Min. . . 

B.J.  420  

B.J.  424  

B.J.  425  

39  H.  Cephei . . 

|B.J.  441  

Groom.  1S30.. 

B.J.  467  

B.J.  470  

B.J.  483  


L.C. 


B.J.  368  

B.J.  374  

B.J.  383  

B.A.C.  3495.. 
30  H.  Camel . 

B.J.  390  

B.J.  394  

B.J.  398  

37  Leo.  Min . . 

B.J.  407  

B.J.  412  


L.C. 
L.C. 


L.C. 


10  40 

48 
54 
56 

11  04 
11 
13 
27 
41 
49 

12  10 
11 
15 
21 
25 
29 
48 
55 

9  17 
24 
26 
28 
44 
52 

10  11 
20 
29 
33 

11  04 
11 
13 
27 
41 
47 

12  25 
29 
50 


in 


44  33 
52  07 
11  37 
16  46 
20  13 
22  38 
24  50 
29  19 
33  36 
40  49 
48  14 


-•081 
(•421) 


-•091 
(•415) 


•075 

(•488) 


96 
16 
27 
17 
I).-, 
73 
59| 
79 
93 
24 
20 
73 
12 
59 
08 
81 
N4 
90| 

67l 
92 
44 
29 
30 
33 
41 
16 
95 
29 
64 
27 
14 
92 
51 
86 
70 
55 
46 


27  37 
24  11 
21  41 
00  55 
111  21 
62  42 
86i  54 
83  j  24 
15 
44 
70 


06  3 
27  3 


22 


i 

18 

4 

45 

4 

17 

4 

24 

4 

23 

4 

47 

4 

41 

3 

73 

3 

54 

3 

53 

3 

43 

3 

50 

59 


54 


4-14 


3-60 


3-50 


From  March  26  Clamp  West:  from  April  3  Clamp  East.  Adopted  clock-rate  zero. 

5;29.    Observed  facing  north. 

25a— 22 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Obj  ect 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


-  1 


jl 
S3  ° 


s  + 

fa 


App.  R.A. 
from 
Obser- 
vation 


1  47  Urs2e  Maj . . 

2  B.J.  416  

3  B.J.  420  

4  B.J.  424  

5  39  H.  Cephei..  L.C. 

6  B.J.  456  

7  Bradley  1672. . 

8  B.J.  461  

9  B.J.  467  

B.J.  470  

32=  H.  Camel. . 

B.J.485  

43  H.  Cephei..  L.C. 
19  Can.  Yen... 

:B.J.  494  

23  Can.  Yen... 

B.J.  497  

o  Urs.  Min ....  L.C. 
25  Can.  Ven... 

B.J.  509  

B.J.  527  


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 

41 
42 
43 
44 
45 
46 
47 


B.A.C.  7504...  L.C. 
1  H.  Draconis. 

B.J.  358  

B.J.  360  

B.J.  368  

B.J.  374  

B.J.  383  

B.A.C.  3495.. 
30  H.  Camel. 

B.J.  390  

B.J.  394  

B.J.  398  

37  Leo.  Min.. 

B.J.  407  

B.J.  412  

B.J.  416  

B.J.  420  

B.J.  424  1 

39  H.  Cephei..  L.C. 


Draconis. 

358  


1  H 

B.J. 
B.J.  360.... 
B.J.  368.... 
B.J.  374.... 

B.J.  383  

B.A.C.  3495 


h.  m. 

S  10  54  23 

•  56  22 

'  11  04  34 

"  11  35 

"  27  25 

N  |12  11  15 
■  |  15  11 
21  41 
26  02 
29  44 
48  51 
52  05 
56  16 
11  45 
13  46 
16  33 
20  34 
26  20 
33  43 
44  16 
14  13  13 


8. 


13 


9  17 
24 
27 
28 
44 
52 

10  11 
17 
20 
22 
25 
29 
33 
41 
48 
56 

11  04 
11 
27 


N 


9  24  38 
27  07 
29  00 
44  53 
52  27 
10  11  57 
17  04 


12 
89 
01 
47 

32 

16 
01 
12 
03 
30 
17 
28 
70 
31 
66 
14 
78 
53 
84 
06 
94. 

17 
70 
02 
11 
60 
05 
01 
53 
14 
58 
44 
34 
15 
46 
57 
27 
40 
95 
37 

29 
85 
00 
36 
96 
89 
41 


•075  23 

(■4S8)'23 
34 
36 

 15' 


•108  16 
(■512);30- 
41 
03 
44 
56 
05 
08 
45 
47 
33 
!35 
52 
44 
16 

 14 


8. 

67|  

73  27-37 
57  38-22 
13  39-79 
61  19- 18 


3-65 


3-57 


■098  39 
(-516)  40 
06 
58 
52 
26 
56 
09 
35 
57 
09 
39 
55 
07 
33 
42 
53 
54 

 B5 


15  01- 
19  15- 
GM.N1 
08  48- 
90  30- 
83  42- 
S3  50- 
92  54- 
90  . 
25  32 
72 

70  20- 
43  37 
35  ... 
82  01- 
63  59- 

03  24 

66  25 
80  51 
65  43 
62  37 
6611 
65  41 
74  54 
Si  21! 
12  42 
35  54 
2S24 
62) . . 
9153 
07il8 
19  27 
02  38 

67  39 
76  20 


s.     h.  m.  s. 

3-6010  54  27-27 
56  27-33 
11  04  3817 
11  39-73 


28  

39-14-80 
81-14-87 

17  

10  -14-80 
15  —14-681 
94'  — 14-89 
37  -14-55 

37;-14-88 

83|  

74  -14-69 


-14-88 


12  11  01-27 


96 
77 


47  -14-56 
76  -14-90 


-14-92 


72  -14-93 

68:  

74  -14-92 

73  -14-92 
SO  -14-94 
84  -14-99 
20  -14-92 

41  

39  

01  -14-90 
22  -14-85 

28  

17  -14-85 

73!  

26  -15-50 


•092  42 
(•545)0S 
00 
54 
28 
58 
11 


57  25-63  -16-94  -16-84 

69  51-85   

52  43-70  -16-82 

46  37-65   | 

5611-72  -16-84 
52  41-71  -16-81 
11  54-61  -16-50 


21  26  SO 
25  48  20 
29  30  02 


51  50-95 


13  11  3102 
13  32  37 
16  18-84 
20  20-82 


33  29-47 
44  01-94 
14  12  59-75 


9  26  51-88 
28  43-73 
44  37-70 
52  11-74 
10  11  41-73 


22  42-20 
24  54  43 
29  24-36 
33  40-70 
40  52-99 
48  IS- 15 
56  27-27 
11  04  3S-10 
11  39-75 


9  26  51-85 
28  43-68 
44  37-62 
52  11-72 
10  11  41-68 


Clamp  East. 


3,38. 


Adopted  clock-rate  zero. 
Observed  facing  north. 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
41) 
41 
42 
43 


Object 


Notes 


B.J. 
B.J. 
B.J. 
B.J. 


30  H.  Camel . 
B.J.  390  

394  

398  

407  

412  

47  Urs.  Maj . . 

B.J.  416  

B.J.  420  

B.J.  424  

B.J.  425  

39  H.  Cephei . 

Groom.  1830. 

B.J.  447  

B.J.  456  

Bradley  1672. 

B.J.  461  

B.J.  467  

B.J.  470  

9  Can.  Ven. .. 
322  H.  Camel. 

B.J.  485  

43  H.  Cephei. 
14  Can.  Ven. . 

B.J.  491  

19  Can.  Ven.. 

'B.J.  494  

23  Can.  Ven. . 

B.J.  497  

a  Urs.  Min... 
25  Can.  Ven. . 


L.C. 


L.C. 


L.C. 


B.J.  383  

B.A.C.  3495.. 
130  H.  Camel. 

B.J.  390  

IB.J.  394  

|B.J.  398  

|37  Leo.  Min. . 

B.J.  407  

B.J.  412  

(47  Urs.  Maj . . 

B.J.  416  

B.J.  420  


44  B.A.C.  7504.. 

45  jl  H.  Draconis 

46  B.J.  358  

47  B.J.  360  


L.C. 


N 


N 


Time  of 
Observed 
Transit. 


h.  m.  s. 

10  20  32-51 
22  58-45 
25  10-26 
29  40-23 
41  09-43 
48  34-54 
54  43-49 
56  4311 
04  54-34 
11  55-86 
13  54-93 
27  47-79 


11 


Coll. 


(Polar 
Dev.) 


11  48 
49 

12  11 
15 
'Jl 
26 
29 
34 
48 
52 
56 

13  01 
06 
11 
13 
16 
20 
26 
33 


05-59 
24-17 
16-72 
09  04 
42-89 
03-75 

46-  15 

44-  39 
52-62 
07  09 
19-13 
49-93 
13-27 

47-  18 

48-  43 
34-98 
36-54 
22-80 

45-  77 


10  11  45-82 
16  52-30 
20  20-25 
22  46-41 
24  58-16 
29  28  07 
33  44-97 
40  57-25 
48  22-45 
54  31-34 
56  31  02 

11  04  42-27 

9  17  57-29 
24  41-95 
27  12  07 
29  04- 16 


•092 

(•545) 


•113 
(•541) 


60 


oi  ° 
H  a 


s. 

37-59  20 
58-97  42 
11-24  54 
41-2524 
09-8653 
35  03  IS 
44  08.. 
44-10  27 
55  02  38 
56.65  39 
55-40  38 
37-17  20 


06-  16 
25-11 
17-77 
29-28 
43-47 
04-86 

46-  79 

45-  02 
58-59 

07-  66 
10-89 
50-47 
13-85 

47-  81 
49  05 
35-60 
37-51 
53  07 

46-  32 


•089 
(•567) 


■082 
(■572) 


57 


32 


46-50  41 

58-  96  54 
25-28  20 
46-98  42 

59-  13  54 
29-07  24 

45-  46 
57-72 
22-97 

31-  98 

32-  00  27 
42-93138 

46-  46^5 
46-18S25 
12-89  51 
04-72  43 


t  8 
< 


■8* 

§■+ 


h.  m.  s. 


-16-90  -16-84 
-16-79 


-16-86 
-16-82 


26  

15  -16-87 

71  

61 
50 


-16-79 
-16-67 


43 
26 

251-15-03 
80  -16-67 
15 

10  -16  -69 


15 


39 


-16-55 
-16-71 
-16-21 


-16-70 
-16-66 


-14-84 


-  4-82 

-  4-71 

-  4-85 

-  4-82 


-  4-75 

-  4-79 


-  4-80 

-20-65 
-20-92 


-21-07 


-16-70 


-4-81 


App.  R.A. 
from 
Obser- 
vation. 


10  22  42- 13 
24  54-40 
29  24-41 
40  53-02 
48  18-19 
54  27-24 
56  27-26 

11  04  38-18 
11  39-81 
13  38-56 


11  47  49-46 
49  08-41 

12  11  01  07 


21  26-77 
25  48-16 
29  30  09 
34  28-32 


51  50-96 


13  01  33-77 
05  57  15 
11  31-11 
13  32-35 
16  18-90 
20  20-81 


33  29-62 
10  11  41-69 


-21  12 


22  42- 17 
24  54-32 
29  24-26 
33  40-65 
40  52-91 
48  18- 16 
54  27-17 
56  27- 19 
11  04  38- 12 


9  26  51-77 
28  43-60 


Clamp  East.  Adopted  clock-rate  zero. 

43.    Observed  facing  north. 


:;  in 


DEPARTMENT  OF  THE  INTERIOR 


i  GEORGE  V..  A.  I9IJ 

TABLE  in. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


o 
25 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


.  of 
Stars 

'ransi 
cted 

<  c 

e.  of 
Cor 

2S  o 

a 

CO 

P  5 

s  + 

s-r- 

<< 


1  £ 


App.  R.A. 
from 
Obser- 
vation 


B.J.  368  

B.J.  374  

B.J.  3S3  

B.A.C.  3495... 

B.J.  398  

37  Leo.  Min. . 

B.J.  407  

B.J.  412  

B.J.  410  

B.J.  420  

B.J.  424  

B.J.  425  

39  H.  Cephei.. 

B.A.C.  7504.. . 
1  H.  Draconis. 

B.J.  358  

B.J.  360  

B.J.  36S  

B.J.  374  

B.J.  383  

B.A.C.  3495... 
30  H.  Camel.  . 

B.J.  390  

B.J.  394  

B.J.  39S  

37  Leo.  Min. . . 

B.J.  412  

47  Ursae  Maj.. 

B.J.  416  

B.J.  420  

B.J.  425  

1  H. Draconis.. 

B.J.  358  

B.J.  360  

B.J.  374  

B.J.  383  

B.A.C.  3495... 
30  H.  Camel.. 

B.J.  390  

B.J.  394  

B.J.  398  

37  Leo.  Min... 

B.J.  407  

B.J.  412  

47  Urs.  Maj... 

B.J.  416  

B.J.  420  

B.J.  424  


L.C. 
L.C. 


N 


N 


hi 


h.  m.  s 

9  44  57 
52  32 
12  02 
17  OS 
29  44 
34  01 
41  13 
48  3S 
56  47 
11  04  58 

12  00 

13  59 
27  54 


9  17 
24 
26 
28 
44 
52 

10  11 
16 
20 
22 
24 
29 
33 
48 
54 
56 

11  04 
13 

9  24 
26 
28 
52 

10  11 
16 
20 
22 
24 

'  29 
33 
40 
48 
54 
56 

11  04 
11 


•082  58-64  37 
(-572)32-71  11 
02 -83 [41 
15-43  54 
45-39  24 
01-79.. 
14-0452 
39-2818 
48-28  27 
59-21  38 
'00-82  39 
59-7138 
42-6721 


29-81  28 
26-11  24 
53-30  51 
45-30  43 
39- 14  37 


-  •  129 
(-448) 


i:;-3o 
43-33 

54-  46 
21-57 
43  S2 

55-  82 

25-  85 

42-  30  . . 
19  90  IS 
28-91  . . 
28-85  27 

39-  80  38 

40-  27  38 

26-  20  24 

53-  31 51 
45-27  43 
13-30  11 

43-  37  41 

54-  60  52 
21-36  19 
43-84  42 

55-  92  54 
25-86  24 
42-36  . . 
54-66  52 
19-90  18 
28-97  . . 
28-85  27 
39-84  38 

41-  36  39 


57 
67 
66 
09 
31 


-21  04 
-21  17 
-21-34 


-21 -OS 
-21-11 


96 
17 
20 

12  -21  09 
67 

59 
22 


-21-12 
-21-45 


1-80 
1-66 


1-77 


1-75 
1-78 
1-48 
208 
1-77 


09 


-  1-81 


06 
03 
53 

31  - 
58  .. 
:,t  - 
53  - 
53  - 
78  - 
34  - 
04  - 
15  .  . 
12  .. 


1-77 
1-74 

1-89 


87  - 
OS  - 


1-79 
1-82 


04  . . 
02  - 

56  .. 


1  •  s. 


-2112  9  44 
52 
10  11 


29 
33 
40 
48 
56 
11  04 
11 
13 


-1-79 


-1-82 


9  26  51 
28  43 
44  37 
52  11 
10  11  41 


22  42 
24  54 
29  24 
35  40 
48  18 
54  27 
56  27 
11  04  38 
13  38 


9  26  51 
28  43 
52  11 
10  11  41 


22  42 
24  54 
29  24 
33  40 
40  52 
48  18 
54  27 
56  27 
11  04  38 
11  39 


From  April  14  Clamp  East:  from  April  22  Clamp  West.  1  —  13.    Adopted  clock-rate  zero. 

14-31.    Adopted  AT+m  =  -1-789+-002S  (T-lOh.  20m.) 
32-48.    Adopted  A7"+ro  = -1-821  + -0028  (T-lOh.  20m.)  10.   Observed  facing  north. 
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TABLE  HI. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


1910 
Apr.  22 

Apr.  25 1 


1  B.J.  425  

2  39  H.  Cephei . 


Apr.  2S1 


L.C. 


9 
in 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Apr.  27  21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


30  H. Camel... 

B.J.  390  

B.J.  394  

B.J.  398....... 

37  Leo.  Min. 

B.J.  407  

B.J.  412....... 

47  Urs.  Maj . . . 

B.J.  416  

B.J.  420  

B.J.  424  

B.J.  425  

39  H.  Cephei . . 

B.J.  441  

Groom.  1S30.. 

B.J.  447  

B.J.  458  

Bradley  1672. . 

B.J.  441  

Groom.  1S30.. 

B.J.  447  

1  Can.  Ven. . . . 

B.J.  458  

Bradley  1672.. 

B.J.  461  

B.J.  467  

B.J.  470  

9  Can.  Yen.. . . 
32=  H.  Camel. . 

B.J.  485  

43  H.  Cephei.. 
14  Can.  Ven. . . 

B.J.  491  

19  Can.  Ven... 

B.J.  494  

23  Can.  Ven .  . 

B.J.  497..  

a  Urs.  Min .  . . 


L.C. 


B.J.  352  

1  H.Draconis. 

B.J.  358  

B.J.  360  

B.J.  368  

B.J.  374  

B.J.  383  


L.C. 


L.C. 


h.  m. 


N 


N 


11  13  40-20 

-•129 

4n 

27  31-24 

(•448) 

25 

10  20  18-38 

-•141 

20 

22  43-31 

(-397) 

43 

24  55-27 

55 

29  25-21 

25 

33  41-90 

42 

40  54-22 

54 

48  19-39 

Hi 

54  28-36 

2s 

56  28- 13 

28 

11  04  39-22 

39 

11  40-85 

41 

13  39-90 

40 

27  30-34 

25 

41  21-22 

21 

47  50-65 

50 

49  09-46 

09 

12  11  40- 12 

40 

15  04-29 

12 

11  41 

47 
49 

12  10 
11 
15 
21 
25 
29 
34 
48 
51 
56 

13  01 
05 
11 
13 
16 
20 
25 


21  02 
50-51 
09-25 
19-26 
39-94 
03-64 
27-88 
49-04 
31  10 
29-36 
39-S9, 
52  11 
01-21 
34-931 
58-27 

32-  25 

33-  47 
20  04 
21-SO 
54-81 


-•162  21 
(•417)50 
09 
19 
40 
11 
28 
49 
31 
29 
42 
52 
57 
35 
58 
32 
33 
20 
22 
41 


9  15  36-07 
24  22-35 
26  52-32 
28  44-39 
44  37-81; 
52  12-37 
10  11  42-36 


-141  36 
(-472)  24 
52 
4-4 
38 
12 
42 


35  38-52  -1-S3 
72  22-96  -2-76 


s.     h.  m.  a. 
-1-82  11  13  38-53 


18-86 
41-99 
54  07 
24-04 


-1-50 
-1-47 


-1-49 


26-97 
37-97 
39-51 
3S-48 
23-86 
19-94 


-1-42 


-1-54 
-1-66 


OS-26   

38-86  -1-45 
10-46  -1-69 


21,19-92 

66  

51  O.V23 

51  

11  3S-84 
47  09-54 
04  26-74 
37  48-01 
29  30  04 
54 

15  41-13 
26.50-94 
59  56-17 

06  

4357  16  -1-27 

43  

64  32-41 
22l 

07  20-S5 
S041-50  -  -30 


-1-27 
-1-93 
-1-30 

-1-25 

-i-02 
-1-32 
-1-42 


-1-23 


23  34-99 
69  23-47 
69  51-43 
56  43-41 
33  37- 15 
60  11-43 
60  41-42 


-1-24 
-1-22 

-i-15 


-1-17 
-1-18 


52-84  -1-48 
18-04  -1-48 


10  22  41 

97 

24  54 

08 

29  24 

03 

33  40 

52 

40  52 

83 

48  18 

03 

54  27 

06 

56  26 

95 

11  04  37 

90 

11  39 

57 

13  38 

53 

41  19 

92 

47  49 

32 

49  OS 

24 

12  11  3S 

82 

-1-30  11  41  19 
47  49 

  49  08 

-1-2912  10  IS 
11  38 


- 


21  26 
25  48 
29  30 
34  28 


51-50 


13  01  33 
05  57 
11  31 
13  32 
16  18 
20  20 


-118 


9  15  35 

05 

26  51 

51 

28  43 

38 

44  37 

15 

52  11 

42 

10  11  41 

42 

91 
36 
21 
22 
82 


75 
08 
00 
25 


97 


77 
14 
14 

35 
93 
78 


Clamp  West. 

3-20. 
21-40. 

41-47.    Adopted  \T+m=- 


1,2.    Adopted  dT+m =-1-8214- -0028  (T-10h  20"). 
Adopted  ST+m  =  -1.490+  -002S  (T-llh  15"). 
Adopted  Ar+w  =  -l-293+-002S  (T-12b  45"). 
-1  •  180+ -0028  (T-10»  15»).  12.    Observed  facing  north. 
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i  CEORCE  V..  A. 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


App.  R.A. 
from 
Obser- 
vation 


1910 
Apr.  28 


Apr.  30 


B.A.C.  3495.  .  . 
30  H.  Camel. . 

B.J.  390  

B.J.  394   

B.J.  398  

37  Leo.  Min . . 

B.J.  407  

B.J.  412  

47  Urs.  Maj . . 

B.J.  416  

B.J.  420  

B.J.  424  

B.J.  425  


15  B.J.  379  

16  B.J.  384  

17  B.J.  386  

18  30  H.  Camel. 

19  B.J.  390  

20  B.J.  394  

21  37  Leo.  Min.. 

22  B.J.  405  

23  B.J.  407  

24  B.J.  412  

25  54  Leonis .... 

26  47  Urs.  Maj . . 

27  B.J.  416  

28  B.J.  420  

29  B.J.  422  

30  B.J.  424  

31  B.J.  425  

32  B.J.  432  

I  33  B.J.  441  

34  B.J.  444  

'  35  31  Comae... . 

\  36  B.J.  485  

|  37  43  H.  Cephei..  L.C. 
i  38  14  Can.  Ven... 

39  ! B.J.  492  

40  19  Can.  Ven. 

41  B.J.  494  

!  42  [23  Can.  Ven. 

43  B.J.  497..... 

44  la  Urs.  Min. . 

45  B.J.  502  

46  25  Can.  Ven... 

47  B.J.  507... 

48  B.J.  509... 


h.  m.  s. 


N 


L.C. 


L.C. 


10  16 
20 
22 
24 
29 
33 
40 
4^ 
54 
56 

11  04 
11 
13 
27 

10  02 
11 
17 
20 
22 
24 
33 
38 
40 
48 
50 
54 
56 

11  04 
09 
11 
13 
25 
41 
44 

12  47 
51 
56 

13  01 
07 
11 
13 
16 
20 
26 
30 
33 
42 
43 


48-  98 
1703 
42-85 
54-65 
24-53 

41-  48 

53-  89 
1903 
28  00 
27-63 

38-  81 

40-  41 

39-  41 

32-  58 

27-44 
43  03 
00-23 
16-82 

42-  90 

54-  77 

41-  48 

33-  44 
53-80 

18-  99 
46-57 
27-89 
27-56 

38-  76 
21-52 

40-  30 

39-  40 

41-  48 

20-  76 
30-42 

21-  50 
51-93 
02  04 

34-  70 
43  05 

32-  09 

33-  29 

19-  87 
21-61 

00-  32 

49-  55 
30-61 

01-  73 

02-  87 


-141  52-6S51 
(•472)119-81  18 
43  03  41 
55- 10  54 
25-01  23 
41-61 
54  01  52 
19- 19  18 
28-2 
28-09  26 
39  0S37 
40-75  39 
39-55  3s 

 26  83  24 


10  22  41-85 
24  53-92 
29  23-83 
33  40-43 
40  52-83 
48  1801 
54  27  04 
56  26-91 

11  04  37-90 
11  39-57 
13  38-37 


-162  ;27 
(-478)  43 
00 


13  01  33-71 
07  41-98 
11  3115 
13  32-36 
16  18-94 
20  20-81 

30  48-58 
33  29-64 

42  00-58 

43  01-98 


Clamp  West.  1-14.    Adopted  AT+m  =  -I- 180+  0028  (T-10b  15»). 

15-48.    Adopted  AT+m=  -1- 169  +  0029  (T-llh  50"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 


Obj  ect 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.! 


_  a 
<  a 

«! 


App.  R.A. 
from 
Obser- 
vation 


1910 
May  3 


May  5 


1  54  Leonia .  .  . 

2  47  Urs.  Maj . 

3  B.J.  416  

4  B.J.  420  

5  B.J.  422  

6  B.J.  424  

7  B.J.  425  

8  39  H.  Cephei..  L.C. 

9  Groom.  1830. . 

10  o  Leonia  

11  1  Can.  Ven... . 

12  B.J.  458  

13  Bradlev  1672. . 

14  B.J.  461  

15  15  Comae  

16  B.J.  470  

17  23  Comae  

18  9  Can.  Ven. . . . 

19  B.J.  444  

20  Groom.  1830.  . 

21  o  Leonis  

22  1  Can.  Ven. . . . 

23  B.J.  458  

24  Bradley  1672 . . 

25  12  Comae . . . 

26  B.J.  461  

27  '15  Comae  

28  B.J.  466  

29  B.J.  470  

30  23  Comae  

31  9  Can.  Ven.... 

32  !31  Comae  ! 

33  B.J.  4S3  

34  ,B.J.  485  ! 

35  43  H.  Cephei . .  L.C. 

36  14  Can.  Ven... 

37  B.J.  491  

38  B.J.  492  

39  19  Can.  Ven... 

40  B.J.  494  

41  23  Can.  Ven... 

42  B.J.  497  

43  a  Urs.  Min....  L.C. 

44  81  Urs.  Maj... 

45  25  Can.  Ven... 

46  B.J.  507  

47  B.J.  509  

48  B.J.  513  

49  9  H.Bootis.... 


N 


12 


h.  m. 

10  50 
54 
56 

11  04 
09 
11 
13 
27 
47 
51 
10 
11 
L4 
21 
22 
29 
30 
34 

11  44 
47 
51 

12  10 
11 
14 
18 
21 
22 
25 
29 
30 
34 
47 
50 
51 
56 

13  01 
05 
07 
11 
13 
16 
20 
26 
30 
33 
43 
44 
50 

14  04 


s. 


■32 

-139 

46- 

-68] 

(■515)27- 

•32. 

27- 

•52 

38- 

•28 

21- 

04 

411- 

■20 

39- 

•59 

27- 

•08 

50- 

•95 

04- 

•60 

19- 

•43 

39- 

•"2 

OS- 

•42 

27- 

•47 

29- 

•68 

30- 

•31 

24- 

•98 

29- 

•93 

-167 

29- 

■67 

(-538)49- 

•63 

04- 

■  25 

IS- 

•19: 

39- 

■  In 

06- 

•92 

01- 

•111 

27- 

•25 

29- 

•97] 

14- 

•38 

30- 

■00 

24- 

■69 

28- 

•09 

21- 

•01 

07- 

•39 

•94 

57- 

•25 

34- 

■57 

57- 

•59 

42- 

•58 

31- 

-83 

33- 

•33 

19- 

•03 

21- 

■74 

45- 

•59 

43- 

•04 

30- 

•24 

01- 

•37 

02- 

■16 

26- 

•41i 

22- 

8. 


-100 

-  -97 

-'■98 

-  -89 


41 

8526-79 
84  37-84' 
34  20-37 
43  39-37 
37  38-39 
02  26- 13 

31  

96  

07  

6938-79 
15  07-32 
66  26-69 

59  1  

95  29-99  -  -96 
39 
2i 


•90 
•S3 
•97 


•72 


•70 
•21 


94  29-22 

91  

65  

65  

47  38-77 
7206-51 

03|  I  

36  26-67  -  -69 
39 

03  13-32  -  -71 
67  29-97  -  -70 

08  

97  

22  

47  06-88 
63  50-89  -  -74 
75  57-27  -  -48 

46  1  

81  57- 13  -  -68 
72  41-98  -  -74 

86'  

1132-38  -  -73 

60  1  

47  20-79|  

07  44-42   -  -65 

04!  

26  

27  00-56  -  -71 

7102-04   

20  25-43|  -  -77 
74]  


s.     h.  m.  s 

-0-98  10  50  45 
54  26 
56  26 
11  04  37 
09  20 
11  39 
13  38 


47  49 
51  03 
12  10  18 
11  38 


21  26 

22  28 

29  29 

30  23 
34  28 


•74  11  44  29 
47  49 
51  03 
12  10  17 
11  38 


12  18  00 

21  26 

22  28 
25  13 

29  29 

30  23 
34  2S 
47  20 

50  06 

51  50 


13  01  33 
05  57 
07  41 
11  31 
13  32 
16  18 
20  20 


30  42 
33  29 

43  00 

44  01 
50  25 

14  04  22 


Clamp  West.  1-18.  Adopted  AT+m  =  -  -982  +  0029  (T-llk  45"). 

19-49    Adopted  ST+m  =  - -738+  0030  (T-13b  05°). 
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i  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


1  B.J.  522  

2  B.J.  526  

3  B.J.  527  

4  /Bootis  

5  201  B.  Bootis. 

6  B.J.  534  


32=  H .  Camel 

B.J.  4S5  

43  H.  Cephei . . 
14  Can.  Ven. . . 

B.J.  491  

B.J.  492  

19  Can.  Ven... 

B.J.  494  

B.J.  497  

a  Urs.  Min. 

B.J.  502  

25  Can.  Ven. . . 

B.J.  507  

B.J.  509  

B.J.  513  

B.J.  526  

B.J.  527  

/  Bootis 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25  204  B.  Bootis. 

26  |B.J.  534. 

27  <r  Bootis. 
2S  B.J.  540. 


29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


B.J.  422  

B.J.  424  

B.J.  425  

B.J.  432  

B.J.  441  

B.J.  444 
Groom.  1830. 
B.J.  447  

0  Leonis  

1  Can.  Ve;... 

B.J.  458  

Bradley  1672. 
12  Comae 

B.J.  461  

B.J.  466  

B.J.  470  

9  Can.  Ven. .. 

31  Comae  

B.J.  483  

B.J.  4S5  


L.C. 


L.C. 


N 


14  06  19-91 
11  35-59 
13  00-32 
22  18-35 

26  06-45 

27  59-42 


-■73 
-■81 


12  is 
51 
56 

13  01 
05 
07 
11 
13 
20 
26 
30 
33 
43 
44 
50 

14  11 
13 
22 
26 
27 
30 
35 

11  09 
11 
13 
25 
41 
44 
47 
49 
51 

12  10 
11 
14 
18 
21 
25 
29 
34 
47 
50 
51 


37-50 
51-45 
02-19 

34-  25 
57-66 
42-50 

31-  56 

32-  81 
21-08 

00-  26 
49-07 

30-  12 

01-  26 

02-  31 
26-14 

35-  56 
00-41 
18-39 
06-54 
59-38 
4S-03 

31-  85 

21  03 

39-  72 
3S-91 

40-  97 
20-15 

29-  97 
48-76 
OS  -35 
04-67 
18-31 
39- 17 
54- 10 
00-92 
2711 
1403 

30 -  3S 
28-77 
20-99 
06-98 
51-36 


-•167  20-02  19-29 
(•538)  35-64  34  S3 
00-61  59-97 

18-40  

06-74   

59-5S  58-81  --77 


-160  40 
(-487)  51 
57 
34 
57 
42 
31 
33 
21 
44 
49 
30 
.11 
02 
26 
35 
00 
is 
id', 
59 
4S 
32 


66  40-23 
63  50-89 
9157-45 

41  

S4  57  - 14 
58  (1-98 


-•174  21 

(•526)40 
39 

fir 

20 
29 
49 
08 
04 
18 
39 
05 
01 
27 
14 
30 
29 
21 
1)7 
.-.1 


0232-38 
5120-78 
S6  44-93 
24  48*-  56 
29  

62  00-56 

63  02  04 
15  25-43 
58  34-84 
69  59-97 

41  

76  

4958-81 

13  

1031-40 

I 

08  20-33 
04  39-30 
08  38-34 
26  40-55 
44  19-77 
96  29-20 
99 
74  08-05 
■67  ... 


43  38-74 
02  05-50 

02  ... 
34  26-65 
07  13-31 
65  29-95 

03  ... 
10  . . . 
41  06-86 
59  50-88 


-•43 
--74 
-•46 


-•70 
-•60 


■64 


07 
•68 


-•70 


•72 
•74 


•68 


-•70 


-•74' 
--7H 


-•76 


■til) 
■4s 


•69! 
•76 
•70 


-•71 


•70 


14  06  19 

11  34 

12  59 
22  17 

26  06 

27  5s 


12  51  50 


13  01  33 
05  57 
07  41 
11  31 
13  32 
20  20 


30  4S 
33  29 

43  00 

44  01 
50  25 

14  11  34 
12  59 
22  17 

26  06 

27  58 
30  47 
35  31 


-•75,  - 


76  11  09  20 
11  39 
13  38 
25  40 
41  19 
44  29 
47  49 
49  07 
51  03 
•75  12  10  17 
11  38 


18  00 
21  26 
25  13 
29  29 
34  Js 
47  20 

50  06 

51  50 


Clamp  West.  1-6.    Adopted  ir+ra  738+-0030  (T-13h  05°). 

7-28.    Adopted  AT+m=- -700+  -0030  (T-13h  45°). 
29-48.    Adopted  Ar+m  =  - -753+ -0030  (T-12b  50°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


R.  A.  of 
Known  Stars 

Apparent 

6. 

57-66 

s. 

-  -27 

57-12 
41-98 

-  -73 

-  -72 

32-37 

-  -76 

20-77 

45-53 
48-56 

-  -29 

-  -70 

00-56 
(rj.ii:; 
25-43 
07-29 

-  -81 

-  -81 

-  -75 

19-29 
34-85 
59-97 

-  -76 

-  -81 

58-82 

-  -77 

32-21 

-  -64 

Date 


Pi 


Object 


Notes 


Coll. 

+j 

Time  of 

C3 

Observed 

H 

Transit 

Q 

(Polar 

o 

Dev.) 

o 
CO 

h.  m.  s. 

s. 

g 

12  56  02 -S6 

-174 

57- 

13  01  34-23 

(-526) 

34- 

05  57-62 

57- 

07  42-59 

42- 

11  31-53 

31- 

13  32-87 

33- 

16  19-40 

19- 

20  21-04 

21- 

26  03-53 

45- 

30  49  05 

49- 

33  30- 12 

30- 

43  01-35 

ill  • 

44  02-40 

02- 

50  26-21 

26- 

57  07-93 

08- 

14  04  22-52 

22- 

06  19-96 

20- 

11  35-62 

35- 

13  00-43 

00- 

22  18-50 

18. 

26  06-50 

06- 

27  59-44 

59- 

10  33  40-83 

-•162 

40- 

38  32-80 

(-490)  32- 

40  53- 19 

53- 

48  18-28 

is 

50  45-94 

46- 

54  27-29 

27- 

56  26-77 

27- 

11  04  38-OS 

:-;s 

09  20-90 

20- 

11  39-59: 

13  38-93 

39 

27  36-34 

30 

41  20-01 

20 

44  29-85 

29 

47  49-62 

19 

51  04-63 

04 

12  10  18-18 

18- 

11  39-07 

39 

14  54-23 

05 

21  27-06 

27 

22  29-17: 

29 

29  30-361 

30 

■    30  2402 

24 

34  28-65 

28 

48  36-78 

39 

51  51-25 

51 

56  01-86 

57 

App.  R.A. 
from 
Obser- 
vation 


1910 
May  7 


May  10 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
4.' 
43 
44 
4:, 
46 
47 
48 
49 


.IL.C. 


43  H.  Cephei..  L.C. 
14  Can.  Ven... 

B.J.  491  

B.J.  492  

19  Can.  Ven. . 

B.J.  494  

23  Can.  Ven. . 

B.J.  497  

a  Urs.  Min  

B.J.  502  

25  Can.  Ven. .. 

B.J.  507  

B.J.  509  

B.J.  513  

B.J.  517  

9  H.  Bootis. . . 

B.J.  522  

B.J.  526  

B.J.  527  

/Bootis  

204  B.  Bootis. 
B.J.  534  


37  Leo.  Min. 

B.J.  405  

B.J.  407  

B.J.  412  

54  Leonis . . . 
47  Urs.  Maj . 

B.J.  416  

B.J.  420  

B.J.  422  

B.J.  424  

B.J.  425  

39  H.  Cephei . .  L.C. 

B.J.  441  

B.J.  444  

Groom.  1S30. 

0  Leonis  

1  Can.  Ven... 

B.J.  458  

Bradley  1672. . 

B.J.  461  

15  Comae  

B.J.  470  

23  Comae  

9  Can.  Ven. .  . 
322  H.  Camel. 

B.J.  485  

43  H.  Cephei..  L.C. 


N 


h.  m. 


79 


65 


32| 
37 


29  52-64;  - 
42  17-841  - 

00  

50  

22  26-61  .  .  . 
34  37-73, 
92  20-30 
92  39-24 
06  38-30 
65  28-53 
31  19-73 
S2  29-1S 
80  


•65 

•58 


-  -61 

-  -62 


-  -76 
-2-12 


-  -64 


-  -57 
•1-37 

-  -62 


61  

57  

28  38-71 
12  03-75 
25  26-63 

26  

58  29-93 

06  

86  

95  39-79!  -  -16 
43  50-861  -  -57 
56  58-33  -77 


•65 


-•75 


13  01  33 
05  57 
07  41 
11  31 
13  32 
16  18 
20  20 


-•65 


-•64 


30 
33 
43 
44 
50 
57 
14  04 
06 
11 
12 
22 
26 
27 


10  33  40 
38  32 
40  52 
48  17 
50  45 
54  26 
56  26 

11  04  37 
09  20 
11  39 
13  3S 


41  19 
44  29 
47  49 
51  03 
12  10  17 
11  38 


21  26 

22  2S 

29  29 

30  23 
34  28 

5l'50 


Clamp  West.  1-22.    Adopted  AT+m=  -  -753+-0030  (T-12h  50°). 

23-49.    Adopted  AT+m  =--644+  -0030  (T-121"  10°). 


346 


DEPARTMENT  OF  THE  INTERIOR 


i  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 

Dev.) 


<  = 

Pi  I 


=  s 

3  ' 

a** 


~2  s 


App.  R.A. 
from 
Obser- 
vation 


1910 
May  10 


May  11 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


14  Can.  Ven. . . 

B.J.  491  

B.J.  492  

19  Can.  Ven. . . 

B.J.  494  

23  Can.  Ven... 

B.J.  497  

a  Urs.  Min. . . 
25  Can.  Ven... 

B.J.  507  

B.J.  509  


L.C. 


B.J.  432  

39  H.  Cephei..  L.C. 

B.J.  441  

B.J.  Ill 
Groom.  1830. . 
B.J.  447  

0  Leonis  

1  Can.  Ven.. . . 

B.J.  458  

Bradlev  1672 . 

B.J.  461  

15  Comae  

B.J.  466  1 

B.J.  470  

23  Comae . . . 
9  Can.  Ven. . 
31  Comae... 

B.J.  485  

43  H.  Cephei..  L.C. 

14  Can.  Ven. . . 

15  Can.  Ven... | 

B.J.  491  

B.J.  492  

19  Can.  Ven... 

B.J.  494  

23  Can.  Ven... 
B.J.  497  

a  Urs.  Min  L.C. 

B.J.  502  

25  Can.  Ven... 

B.J.  507  ! 

B.J.  509  

B.J.  513  

B.J.  517  

9  H.  Bootis. . 

B.J.  522  

B.J.  526  

/  Bootis  


h. 

N  13 


01  34 
05  57 
07  42 
11  31 
13  32 
16  19 
20  20 
26  02 
33  30 

43  01 

44  02 


11  25 
27 
41 
44 
47 
49 
51 

12  10 
11 
14 
21 
22 
25 
29 
30 
34 
47 
51 
56 

13  01 
05 
05 
07 
11 
13 
16 
20 
26 
30 
33 
43 
44 
50 
57 

14  04 
06 
11 
22 


-  162  34 
(■490)57 
42 
31 
32 
19 
21 
47 
30 
01 

 02 


-•196  41 
(•561)29 
20 
29 
49 
08 
04 
18 
39 
03 
B7 
29 
13 
30 
23 
28 
20 
51 
58 
34 
35 

I57 
42 

31 

32 

,19 

21 

48 

49 

30 

01 

02 

26 

07 

22 

19 

35 

18 


s. 

35' 
73  57- 11 
64  41-97 

77  

94  32-36 
52 
40  20-75 

46  47-56 

23  

27  00-57 
67 102-02 

05  40-49 
42  28-88 
2919-71 
78  29-17 
76  

53  07-97 
54 
60 
3038-70 

47  03-18 
26  26-61 

25  

91  13-28 
52  29-92 

96  

82  

97  

54  50-85 
78  58-55 
33 


17  00-57 
50  02  01 
11  25-44 
90  07-30 
55 

93  19-30 
5434-86 
35  


-•62 
-•67 


■58 


—  10 


-•70 


•56 
•54 


■61 


-•60 
-•29 
-•65 


-•63 
-•60 


-■23 


-•58 


715710  -61 
58  41-96  --62 

75  

93  32-35 

56  

31  20-73 
43  4S-23  --20 

18  48-54!  --64 

19  . 


-■60 


•64  13  01  33 
05  57 
07  42 
11  31 
13  32 
16  18 
20  20 


33  29 

43  00 

44  02 


64  11  25  40 


41  19 
44  29 
47  49 
49  07 
51  03 
12  10  17 
11  38 


21  26 

22  28 
25  13 

29  29 

30  23 
34  28 
47  20 
51  50 


13  01  33 
05  35 
05  57 
07  41 
11  31 
13  32 
16  18 
20  20 


30  4S 
33  29 

43  00 

44  01 
50  25 
57  07 

63  14  04  21 
06  19 
11  34 
22  17 


71 

ca 
00 
13 

30 
88 
76 


65 
14 

12 
89 
90 
98 
66 


62 
61 
27 
88 
32 
18 
33 
90 


Clamp  West.  1-11.    Adopted  ±T+m  =  - -644  +  0030  (T-12>>  10-). 

12-49.    Adopted  AT+m  =  -  -637  +  0031  (T-  13  b  25"). 


REPORT  OF  THE  CHIEF  ASTRONOMER 


347 


SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


c  . 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


°.  s 


^  - 
— 


a  S 


0)  K 


App.  R.A. 
from 
Obser- 
vation 


h.  m.  s. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 

15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


204  B.Bootis. 

B.J.  534  

c  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

f  Bootis  

295  B.Bootis. 

£  Bootis  

Ic  Bootis  

jGroom.  2283. 
ij  Cor.  Bor. . . 

IB.J.  568  

B.J.  572  

B.J.  573  

"2  Bootis  


B.J. 
B.J. 
B.J. 
B.J. 


47  Urs.  Maj . . 

B.J.  416  

420  

422  

424  

425 

39  H.  Cephe'i  . 

jB.J.  441  

B.J.  Ill 
Groom.  1830. 
B.J.  447  

0  Leonis  

1  Can.  Ven. . . 

B.J.  458  

Bradley  1672 . 

12  Comae  

B.J.  461  

15  Comae... . 

B.J.  466  

B.J.  470  

23  Comae . . . . 
322  H. Camel 

B.J.  485  

43  H.  Cephei. 
14  Can.  Ven . . 

B.J.  491  

B.J.  492  

19  Can.  Ven... 

B.J.  494  

23  Can.  Ven. . 

B.J.  497  

a  Urs.  Min. . .  . 
B.J.  502  


L.C 


L.C. 


N 


L.C. 


14  26 
27 
30 
35 
36 
39 
41 
45 
47 

15  03 
06 
19 
21 
24 
27 
28 

10  54 
56 

11  04 
09 
11 
13 
27 
41 
44 
47 
49 
51 

12  10 
11 
14 
18 
21 
22 
25 
29 
30 
48 
51 
56 

13  01 
05 
07 
11 
13 
16 
20 
26 
30 


-196  06 
(•561)  59 
4S 
32 
53 
30 
05 
37 
16 
23 
33 
31 
07 
09 
44 
30 


-■176  27 
(■557)27 
38 
20 
39 
38 
30 
20 
29 
49 
,08 
04 
18 
'39 
104 
00 
27 
29 
14 
30 
23 
39 
51 
'59 
34 
57 
42 
31 
33 
19 
21 
48 
49 


A1  CO  OQ 

•  4o  oo  •  so 

■00 

■06 

•05  31-42 

•63 

Ol  IKO  X.A 

•  ~i  £)Z*04 

•67 

•39  

■74 

o*> , 

■20  



71    QQ  "71 

■  (  1  oo • 1  1 

•00 

•62  

■yy.u/ -oo 

•66 

A  A  f\Q  OO 

•64 

■  40  43  •  79 

•61 

QO1 

•21  26-56 

•  34  37  ■  60 

•05 

•91  20-28 

•63 

■80  39-20 

•88  38-27 

•61 

•20  29-23 

■07 

•32  19-69 

•81  29-16 
•78 

•65 

•62  07-95 

•55 

•58  1 

•2138-68 

•53 

•4102-66 

-1 

■75 

•94 

•26  26-60 

06 

•29 

•0013-27 

73 

•45  29-90 

•55 

97 

•74  39-52 

22 

•52  50-84 

68 

20  58-75 

45 

28 

69  57-09 

00 

65  41-96 

69  

11  32-34 

60  

39  20-72 
59  48-89 
18  48-54 


•63 


14  26  06 

27  58 
30  47 

35  31 

36  52 
39  29 
41  05 
45  36 
47  15 

15  03  22 


-•66 


-•65 


19  30 
21  07 
24  08 

27  43 

28  35 

10  54  26 
56  26 

11  04  37 
09  20 
11  39 
13  38 


41  19 
44  29 
47  49 
49  07 
51  03 
12  10  17 
11  38 


18  00 

21  26 

22  28 
25  13 

29  29 

30  23 


51  50 


13  01  33 
05  57 
07  42 
11  31 
13  32 
16  18 
20  20 


30  4S-53 


Clamp  West.  1-16.    Adopted  ±T+m  =  - -637+-0031  (T-13h  25m). 

17-49.    Adopted  A7"+m=  - -651  +  -0031  (T-12h  30°). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V..  A.  191  j 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


a  . 


Object 


1  25  Can.  Ven. . . 

2  B.J.  507  

3  B.J.  509  

4  B.J.  513  

5  B.J.  517  


6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
10 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 


Notes 


B.J.  441  

B.J.  Ill 
Groom.  1830.  ! 
B.J.  447  

0  Leonis  

1  Can.  Ven.... 

B.J.  458  

Bradley  1672 . . 
12  Comae. .. 

B.J.  461  

15  Comae . . . 

B.J.  466  

B.J.  470..... 
19  Can.  Ven. . 

31  Comae  

B.J.  4S3  

B.J.  4S5  

43  H.  Cephei..  L.C. 

14  Can.  Ven... 

15  Can.  Ven. . 

B.J.  491  

B.J.  492  

19  Can.  Ven. . 

B.J.  494  

23  Can.  Ven.. 

B.J.  497  

a  Ursae  Min. . 

B.J.  502  

25  Can.  Ven . . 

B.J  507  

B.J.  509  ! 

B.J.  513  

B.J.  517  

9  H.  Bootis. .. 

B.J.  522  

B.J.  526  

B.J.  527  

/Bootis  

204  B.  Bootis.. 

B.J.  534  1 

«■  Bootis  

B.  J.  540.. 
B.  J.  543.. 
34  Bootis . 


L.C. 


Coll.  .te 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


o  <- 

.  o 

u 


_  * 
--■7. 


N 


h.  m.     s.  8.  b. 

13  33  29-99  --176  30 

43  01-14  (-557)01 

44  02  -  23  02 
50  26  07  26 


8. 


57  07-85 


.07 


11  41 

44 
47 
49 
51 

12  10 
11 
14 
18 
21 
°2 
25 
29 
34 
47 
50 
51 
56 

13  01 
05 
05 
07 
11 
13 
16 
20 
26 
30 
33 
43 
44 
50 
57 

14  04 
06 
11 
12 
22 
26 
27 
30 
35 
36 
39 


19-  29 
29-25 
48-90 
07-40 
03-91 
17-43 
38-39 
45  33 
0016 

26-  37 

28-  4S 
13-26 

29-  64 

27-  92 

20-  44 
06-17 
50-65 
06-30 
33-57 
35- 13 
56-94 
41-86 

30-  88 
32-12 
1S-67. 

20-  14 
17-70 
48-36 
29-39 

00-  63 

01-  56 
25-54 
07  19 

21-  73 
19-28 
35  00 
59-60 
17-77 
05-77 
53-72 
47-39 

31-  11 
52 -6S 
29-69 


•000  19 
(-523  )  29 
49 
08 
04 
18 
;38 
01 
00 
26 
28 
13 
30 
|28 
20 
06 
51 
59 
33 
35 
57 
42 
31 
32 
19 
20 
51 
4S 
29 
00 
02 
25 
07 
22 
19 
35 
00 
17 
06 
59 
47 
31 
52 
29 


10| . . 
14  00 
6102 
OS  25 
95  07 


57 
00 

44  -  -64 


8519 
43  29 
34  . . 

09  07 

10  .. 

11  ... 
3S 

82  01 
45  .. 

53  26 

80  .. 
49  13 

14  29 
41  .  . 

75  . 
92  06 
10  50 
OS  59 
98  .. 
58  .. 
39  57 
1741 
37  .. 
60  32 
15L  . 
S6  20 
77  50 
79  48 

81  . . 

54  00 

15  01 

76  25 

5007 
or 


56  19 
22  34 
12  59 
99  .. 
28  .. 
06  58 
72  .. 
66  31 
S5  52 
99  .. 


5  = 

a  7 
4- 


-  -57 


•65 


3  fc 
<  < 


-  -30 


•23 
•53 


57 


30 
^7 
95 


42 
56 


•26 


•24 
•27 


•29 
•24 


07  -  -32 
94  -  -23 


32  -  -28' 


68  

56  —1-21, 
52  -  -27 


56  -  -2S 

98  

44  -  -32 
29  -  -21 


•26 
35 


84  -  -22 


•24 
•29 


App.  R.A. 
from 
Obser- 
vation 


b.  m. 

•65  13  33  29 

43  00 

44  01 
50  25 
57  07 


8. 


-•28 


11  41  19 
44  29 
47  49 
49  07 
51  03 

12  10  17 
11  38 


18  00 

21  26 

22  2S 
25  13 
29  29 
34  2S 
47  20 

50  06 

51  50 


13  01  33 
05  35 
05  57 
07  41 
11  31 
13  32 
16  18 
20  20 


30  -is 
33  29 

43  00 

44  01 
50  25 
57  07 

27  14  04  22 
06  19 

11  34 

12  59 
22  17 

26  06 

27  58 
30  47 

35  31 

36  52 
39  29 


Clamp  West.  1-5.    Adopted  A7"+w  =  — -652+ -0031  (T  — 12h  30°). 

6-49.    Adopted  A7"+m  =  - -276  +  0031  (T-13b  40°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


a  . 


I 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


°.o 

9,0 


ji 


App.  R.A. 
from 
Obser- 
vation 


1  e  Bootis  

2  295  B.  Bootis. 

f  Boot  is  

B.J.  551  

B.J.  555  

B.J.  557  

c  Bootis  

Groom.  2283 . 

B.J.  563  

1  Cor.  Bor . .  . 

B.J.  568  

B.J.  572  

B.J.  573  

v-  Bootis 

15  B.J.  578  

16  B.J.  580  

17  f  Cor.  Bor. .. 

18  i  Serpentis . . . 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


May  16  19 

(  20 
21 
22 
23 
24 
25 
1  26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


39  H.  Cephei.. 

B.J.  441  

B.J.  444  

Groom.  1S30 . . 
B.J.  447  

0  Leonis  

1  Can.  Ven. . . . 

B.J.  45S  

Bradley  1672 . . 

12  Comae  

B.J.  461  

15  Comae  

B.J.  466  

B.J.  470  

23  Comae  

9  Can.  Ven. . . . 
322  H.  Camel.. 

B.J.  485  

43  H.  Cephei . . 
14  Can.  Ven. . . 

B.J.  491  

B.J.  492  

19  Can.  Ven... 

B.J.  494  

23  Can.  Ven. . . 

B.J.  497  

a  Urs.  Min...  . 

B.J.  502  

25  Can.  Ven . . . 

B.J.  507  

B.J.  509  


L.C. 


L.C. 


L.C. 


N 


n.  m. 

14  41 
45 
47 
51 
58 

15  00 
03 
06 
11 
19 
21 
24 
27 
28 
30 
34 
36 
37 

11  27 
41 
44 
47 
49 
51 

12  10 
11 
14 
18 
21 
22 
25 
29 
30 
34 
48 
51 
56 

13  01 
05 
07 
11 

.  13 
16 
20 
26 
30 
33 
43 
44 


•000 
(•523) 


•016 
(•517) 


39 

901  1  1 

90  

09  59-86  --23 
63  35-38  --25 
33  37-06  --27 
82 

00  33-29  "-'29 
56  54-31  --25 

24j  

60  07-35  --25 
09  08-85  --24 
08  43-82  --26 
92 

68  54-34  '--34 
90  37-69  --21 
47 
17 


25  30-43 
S2  19-62 

35  29-12 

36  

18  07-S7 

07  

01!  

SI  38-63 
94  00-84 

47  

72  26-55 

82  

45  13-25 
05  29-85 

55  

44  

36  38-98 

12  50-80 

13  59-49 
92  


28  57-06 
21  41-93 
32  ... 
48  32-31 
11    . . 

83  20-67 
92  51-09 
81  48-52 
81  ... 

84  00-56 
16  01-97 


•82 


-•26 


•■18 
.90 


-•17 


-•20 
-•20 


•38 
•32 
•36 


•22 
■28 


-•17 


•17 
-•29 


•28 


h.  m.  s 

-•27  14  41  05 
45  36 
47  15 
51  59 
58  35 
15  00  37 
03  22 


■  26 


■25 


11  54 
19  30 
21  07 
24  08 

27  43 

28  35 
30  54 
34  37 

36  01 

37  33 


11  41  19 
44  29 
47  49 
49  07 
51  03 

12  10  17 
11  3S 


18  00 

21  26 

22  28 
25  13 

29  29 

30  23 
34  28 


51  50 


13  01  33 
05  57 
07  41 
11  31 
13  32 
16  IS 
20  20 


30  48 
33  29 

43  00 

44  01 


From  May  15  Clamp  West;  from  May  16  Clamp  East. 
1-18.    Adopted  ir+m=  - -276+-0031  (T-13h  40°). 
19-49.    Adopted  &T+m  =  - -253+  -0031  (T-13h  10°). 
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TABLE  III. 


3  GEORGE  V.,  A.  HIJ 


UKDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MKRIDIAN  CIRCLE — Continued 


c  . 
go 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


<  = 
a  ° 


a  E 

H  -L 
a  T 


App.  R  A. 
from 
Obser- 
vation 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14. 
15 
1G 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


B.J.  513  

B.J.  517  

9  H. Bootis... 

B.J.  522  

B.J.  526  

B.J.  527  

/  Bodtis  

204  B.Bootis. 

B.J.  534  

a  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

f  Bootis  

295  B.Bootis 

£  Bootis  

B.J.  549  


B.J.  456  

B.J.  461  

B.J.  467  

B.J.  470  

9  Can.  Ven. . . . 
322  H.  Camel. 

B.J.  485  

43  H.  Cephei. . 
14  Can.  Ven. . . 

B.J.  494  

23  Can.  Ven. . . 

B.J.  497  

a  Urs.  Min  

81  Urs.  Maj . . . 
25  Can.  Ven... 

B.J.  509  

B.J.  527  

B.J.  531  

g  Bootis  

B.J.  535  

ff  Bootis  


L.C. 


L.C. 


31  Comae... 

B.J.  483  

B.J.  4S5  

43  H.  Cephei..  L.C. 
114  Can.  Ven... 
15  Can.  Ven. . .  | 

B.J.  491  

B.J.  492  

19  Can.  Ven . 
B.J.  494  


N 


h.  m.  s 

13  50  25 
57  07 

14  04  21 
06  19 

11  34 

12  59 
22  17 

26  05 

27  58 
30  47 

35  31 

36  52 
39  29 
41  05 
45  36 
47  15 
49  11 


12  11 

21 
25 
29 
34 
48 
51 
56 

13  01 
13 
16 
20 
26 
30 
33 
44 

14  12 
22 
25 
28 
30 


12  47  19 

50  05 

51  50 
56  06 

13  01  33 
05  34 
05  56 
07  41 
11  30 
13  31 


53 
30 
70 
32 
95 
:,'.) 
M 
73 
68 
44 
13 
69 
70 
L0 
52 
76 
44 

05 
18 
02 
48 
82 
S4 
53 
27 
42 
0] 
51 
12 
17 
65 
29 
55 
61 
94 
sit 
ss 
28 

89' 
73 
2  ■ 
50 
12 
73 
44 
47 
4.' 
67 


8. 

•016  25 
(•517)07 
22 
19 
35 
00 
18 
06 
59 
47 
31 
52 
29 
05 
36 
15 
12 

■003  00 
(•498)26 
47 
129 
28 
|39 
150 
59 
33 
32 
1 18 
20 
52 
42 
29 
02 
00 
10 
32 
29 
47 


•004  20 
(■522)06 
50 
59 
33 
35 
56 
41 
30 
32 


M 


8. 

8. 

25-44 

-•28 

07-29 

-■30 

19-30 

-•28 

34-87 

-•28 

59-95 

5S-S4 


31-42 
52-57 


97  

79  20-65 
29  51-64 

33  

69  ' 

10  01-96 
10  59-95 
54  10-45 
45  ... 
31  29-20 
59  . . 


20  ... 
48  06-66 
72  50-78 
71  0010 

53  

19  

90  57  04 
78  41-91 

92  

16  32-29 


-17 


-■24 
-•26 


12-25 

00-70 
26-54 
47-63 
29-84 

••-•08 

-•12 

38-84 
50-79 
59-67 

-•28 
-17 
-•25 

32-30 

—17 

-•65 


-11 


06 
•39 


•14 
•13 


■13 


h.  m.  s 

•25  13  50  25 
57  07 
14  04  21 
06  19 

11  34 

12  59 
22  17 

26  05 

27  58 
30  47 

35  31 

36  52 
39  29 
41  05 
45  36 
47  15 
49  12 


-15 


-14 


12  11  00 
21  26 
25  47 
29  29 
34  28 


51  50 


13  01  33 
13  32 
16  18 
20  20 


14 


30  42 
33  29 
44  01 
12  59 
22  10 
25  32 
28  29 
30  47 


•0912  47  20 

50  06 

51  50 


13  01  33 
05  35 
05  56 
07  41 
11  31 
13  32 


ClampEaat.  1-17.    Adopted  AT+m  =  - -253+ -0031  (T- 13"  10-). 

18-38.    Adopted  AT+m  =  -•  148  +  0032  (T-13b  25-). 
39-48.    Adopted  ST+m=  099+  -0032  (T-14"  45-). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date  g 

go 


Object 


Notes 


Time  of 
Observed 
Transit 


Z 


Coll. 


(Polar 
Dev.) 


.  o 

HO 


"02 

^  a 


-  S 
3« 


App.  R.A. 

from 
Obser- 
vation. 


1910 

May  19  1 

2 

3 
4 

5 

6 

7 

s" 

9 
10 
11 

I  12 
13 
14 
15 

I  16 
17 

I  18 
19 
20 
21 
22 
23 
24 
25 
j  26 
27 
2  s 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4s 
49 
50 


23  Can.  Yen. . . 

B.J.  497  

a  Urs.  Min  

B.J.  502  

25  Can.  Yen. . . 

B.J.  507  

509  

513  

517  

Bootis. . . 

522  

526  


L.C. 


B.J. 
B.J. 
B.J. 
9  H. 
B.J. 
B.J. 
B.J. 

/  Bootis 
204  B.  Bootis.. 

B.J.  534  

a  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

f  Bootis  

295  B.  Bootis. . 

£  Bootis  

B.J.  551  

B.J.  555  

B.J.  557  

c  Bootis  

IGroom.  2283. . 

B.J.  578  

B.J.  580  

f  Cor.  Bor. . . . 

i  Serpentis  

;B.J.  581  

B.J.  583  

B.J.  584  

X  Herculis. . . . 

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis  

B.J.  598  

k  Herculis  

t  Cor.  Bor  

<r2  Cor.  Bor .  . 

B.J.  609  

23  Herculis  

B.J.  613  

g  Herculis  

B.J.  621  

i"  Herculis  


h.  m. 

13  16 
20 
26 
30 
33 
43 
44 
50 
57 

14  04 
06 
11 
12 
22 
26 
27 
30 
35 
36 
39 
41 
45 
47 
51 
58 

15  00 
03 
06 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
11 
17 
19 
21 
25 
31 
37 


s. 


8. 


23 
7< 
91 
M4 
99 
28 
13 
17 
85 
39 
92 
65 
24 
45 
41 
38 
03 
65 
34 
37 
75 
11 
42 
63 
77 
6s 
23 
52 
15 
05 
65 
63 
10 
36 
65 
29 
I J0 
lis 
98 
96 
93 
10 
22 
91 
27 
47 
04 
47 
48 
96 


•004  IS 
(•522)20 
51 
4s 
29 
00 
01 
|25 
07 
21 

IK 
34 

.V.i 
17 
05 
58 
47 
31 
52 
29 
05 
36 
15 
59 

36 
22 
31 
54 
37 
ill 
33 
."'I 
03 
42 
35 
19 
53 
41 
13 
14 
02 
42 
20 
58 
30 
17 
42 
14 
55 


•43 
•02 


•09 


•07 
•13 


•10 
•01 


•8-84 


•12 


•21 
•09 


72 

49  20-63 
49  52-92 

48  48-50 
42 

47  00-56 
72  01-95 
37  25-44 

16  07-29 

94  

2019-30 

86  34-87 
76  59-94 
66 
93 
72 
36 

21  31-42 

49  52-58 
67 
or, 
56 
62 

79  59-89 
26  35-39 
9S  37-08 
51 1  

87  32-96  1-09 
45  54-37  -  08 
54  37-71  -17 

08  

84  j  

39  59-53  -14 
53  03-62.  -09 
84  42-93  -  09 
SI)  

17  19-35  -18 
28  53-40!  12 
70  41-841 
15 

75  14-97 

28 
65 
30 


•10 
•13 
■10 


47  58-i 
S3 

19  17-30 


•12 


■11 


00  14-11 
31 


■11 


h.  m.  s 
•09  13  16  18 
20  20 


■10 


30 
33 
43 
44 
50 
57 

14  04 
06 
11 
12 
22 
26 
27 
30 
35 
36 
39 
41 
45 
47 
51 
58 

15  00 
03 


■11 


30  54 
34  37 

36  01 

37  33 

38  59 
42  03 
44  42 
49  35 

52  19 

53  53 
55  41 
57  13 

16  00  14 
04  02 
05142 
11  20 
17  58 
19  30 
21  17 
25  43 

31  14 
37  55 


81 
58 


5S 
52 
57 
82 
47 
26 
04 
30 
96 
86 
76 
03 
s2 
46 
31 
59 
77 
15 
66 
72 

SO 

36 

IIS 

61 


oo 
64 
18 
94 
49 
63 
94 
91 
27 
3S 
B0 
25 
85 
38 
75 
40 
57 
93 
29 
08 
10 
42 


Clamp  East. 


Adopted  AT+m=  099+  -0032  (T-14h  45"). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


c  . 
2  o 
a* 

o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


C3  "o 
I  

H  ° 
^  o 
■ —  i- 

°s 


— < 

?3 


Its 

<<1 


App.  R.A. 
from 
Obser- 
vation 


B.J.  626. 
B.J.  627. 


1  Can.  Yen. . . . 

B.J.  458  

Bradley  1672 . . 

B.J.  461  

15  Comae  

B.J.  467  

B.J.  470  

23  Comae  

9  Can.  Yen. . .  . 
32=  H.  Camel. 

B.J.  483  

B.J.  485  

43  H.  Cephei.. 

14  Can.  Yen. . . 

15  Can.  Ven. . . 

B.J.  491  

B.J.  492  

19  Can.  Yen... 

B.J.  494  

23  Can.  Yen... 

B.J.  497  

a  Urs.  Min.. .  . 

B.J.  502  

25  Can.  Yen. . . 
B.J.  507  

509  

513  

517  

9  H.  Bootis. . . 

B.J.  522  

B.J.  526  

B.J.  527  

/  Bootis  

204  B.  Bootis.. 

B.J.  534  

a  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

«  Bootis  

295  B.  Bootis.. 

$  Bootis  

B.J.  549  


L.C. 


L.C. 


B.J. 
B.J. 
B.J. 


46  B.J.  4S3  

47  B.J.  4S5  

48  43  H.  Cephei. 


L.C. 


N 


b.  m.  s- 

16  39  49-89 
43  36-SS 


12  10 
11 
14 

21 
22 
25 
29 
30 
34 
48 
50 
51 
56 

13  01 
05 
05 
07 
11 
13 
16 
20 
26 
30 
33 
43 
44 
50 
57 

14  04 
06 
11 
12 
22 

•  26 
27 
30 
35 
36 
39 
41 
45 
47 
49 


16-  SO 
37-82 
41-58 
25-79 
27-97 

46-  47 

29-  05 
22-83 

27-  44 

33-  25 
05-59 
50  09 

05-  87 
32-98 

34-  58 
56-36 
41-34 

30-  28 

31-  56 
IS- 15 
19-56 
1506 

47-  88 

28-  88 
0011 
01  05 
25-01 

06-  69 
21-20 
1S-S0 
34-46 
59-18 

17-  34 
05-30 
58-29 
46-92 
30-67 
52-23 

29-  24 
04-65 
36  03 
15-37 
1107 


•004 

(-522) 

•015 
(•482) 


50-35  50-54 
37-64  37-96 


N  12  50  05  07  -  014  05 
"  |  51  49-56  (-414)49 
"   I     56  05-82  00 


48  ... 
2638-57 
95  58  07 
2126-49 

26  | 

29  47-54 
50  29-79 

05  

88  

78  38-28 
34  06-62 
50  50-76 

79  00-59 

35  

99l  

77  57  02 
61  41-90 
72  . 


99  32-27 

58  

2S  20-60 
20  54-46 
27  48-49 

26  

27  00-55 
64  01-93 
is  25-44 
96  07-28 

691  

04  19-30 
64  34-87 
7159-93 

52  

76  

60  58-84 

22  ' 

17  31-41 
36  52-58 

50  

91  

43  

55 

91  12-23 

68  06-51 

57  50-70 

58  01-92 


•19 


-31 
•12 
•28 


■29 


■50 


•26 
•80 


•29 


•2.s 


1-26 
■22 


•28 


■26 
•32 


■  26 
•23 


24 


•24 
■22 


•83 
1-34 


From  May  19  Clamp  East  ;  from  May  26  Clamp  West. 
1,2.    Adopted  ±T+m=  099+  0032  (T-14h  45m). 
3-45.    Adopted  ST+m=  -2544-  0032  (T-13"  25"). 
46  -  48.    Adopted  ST+m=  S15+  -0033  (T-14"  45°). 


h.  m.  8. 

■11  16  39  50-46 
_      43  37-75 


•25  12  10  17-73 
11  38-51 

"21  26  46 
22  28-51 
25  47-54 

29  29-75 

30  23  30 
34  28- 13 


50  06-59 

51  50-75 

i3  0133-60 
05  35-24 
05  57  02 
07  41-86 
11  30-97 
13  32  24 
16  18-83 
20  20-53 


•26 


30 
33 
43 
44 
50 
57 
14  04 
06 
11 
12 
22 
26 
27 
30 
35 
36 
39 
41 
45 
47 
49 


4S-52 
29  51 

00-  52 

01-  90 
25-44 
07-22 
21-95 
19-30 
34-90 
59-97 
17-78 
06-02 
58-86 
47-48 
31-43 
52-62 
29-76 
05-17 
36-69 
15-81 
12  17 


•81 12  50  06-49 
51  50-68 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


s 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


CO 

t-.  +^ 

H  g 
°  o 

32 


eg 


0)  c 


App.  R.A. 
from 
Obser- 
vation 


14  Can.  Ven... 

15  Can.  Ven.. . 

B.J.  491  

B.J.  494  

23  Can.  Ven... 

B.J.  507  

B.J.  509  

B.J.  513  

B.J.  517  

9  H.  Bootis.. . 

B.J.  522  

B.J.  526  

B.J.  527  

204  B.  Bootis. 

B.J.  534   

B.J.  535  

<r  Bootis  

B.J.  540  

B.J.  543  

31  Bootis  

f  Bootis  

295  B.  Bootis. 

£  Bootis  

B.J.  549  

B.J.  555  

B.J.  5S3   

B.J.  584  

X  Herculis  

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis  

B.J.  598  

B.J.  614  

B.J.  621  

B.J.  626  

B.J.  627...... 

53  Herculis. . . 
e  Urs.  Min  . . 

<r  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

«  Bootis  

295  B.  Bootis.. 
i  Bootis. . . . 

B.J.  549  

B.J.  551  

B.J.  555  


h.  m.  s. 


N 


13  01 
05 
05 
13 
16 
42 
44 
50 
57 

14  04 
06 
11 
12 
26 
27 
28 
30 
35 
36 
39 
41 
45 
47 
411 
58 

15  42 
44 
49 
52 
53 
55 
57 

16  00 
22 
31 
39 
43 
49 
55 


32-  44 
34-03 
55-80 
31-04 

17-  63 
59-58 
00-54 
24-41 
06-27 
20-73 

18-  27 

33-  82 
58-57' 
04-80 
57-74 
28-09 
46-45 
30-12 
51-70 
28-75 
04-03 
35.50 
14.82 
10.661 
34.  IS 
02.72 
42.06 
34.75 
18.541 
52.49 
40.41 
12.37 
13.45 
28.401 
13.03 
49.42 
36.47; 
34  OS 
15.12 


-014 
(-414) 


s 

14  30  46-39 

-•011 

it 

35  30- 11 

(-422) 

u 

36  51-65 

a 

39  28-67 

a 

41  0406 

a 

45  35-46 

« 

47  14-71 

tt 

49  10-64 

tt 

51  58-92 

u 

58  34-14 

971 


12 


56-96 

•84 

32-22 

•84 

00-53 

-82 

01-87 

25-42 

•87 

07-27 

•79 

19-29 

•83 

34-86 

•89 

99  59-89 

16  

9858-83 
40  29- IS 

68  

51 31-39 
80,52-59 
95 
24 
81 
97 
35  12-18 
52  35-39 
84  03-67 
20;42-98 

111  

66  19-41 
69  53-45 
98  41-86 
51 1 
11  14-99 
98:29-84 
39  14- IS 
74  50-61 
O9;38-03 
33 
13  19-19 


65 
55  31-38 
79  52-59 
91 
30 
81 
88 
30  12-17 
06  59-90 
52  35-39 


•85 
•78 


•88 
•79 


■87 
•83 
•78 


•75 
•76 


■79 
•87 


106 


•83 
•80 


•81 


■82 


h.  m. 

13  01 

05 
05 
13 
16 
43 
44 
50 
57 

14  04 
06 
11 
12 
26 
27 
28 
30 
35 
36 
39 
41 
45 
47 
49 
58 

15  42 
44 
49 
52 
53 
55 
57 

16  00 
22 
31 
39 
43 
49 


•83 


•  84 
•87 


14  30  47 

35  31 

36  52 
39  29 
41  05 
45  36 
47  15 
49  12 
51  59 
58  35 


Clamp  West.  1-39.    Adopted  AT+m=  -815  +  -0033  (T-14h  45°"). 

40-49.   Adopted  AT+m=  -S36+  -0033  (T-15h  55°). 

25a— 23 
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3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDACTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Coll.  .-S 


Date 


Object 


=  5 


Notes  g 


O 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


f>   <  = 


.  & 

3 


<  -1 


■a  = 


App.  R.A. 
from 
Obser- 
vation 


1910 

May  27  1 
!  2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

I  17 
18 

19 

I  20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

i  33 

3-4 
35 
!  36 
37 
I  38 
39 
1  40 
41 
'  42 
43 
44 
45 
J  46 
47 
48 


i  Bootis  

c  Bootis  

Groom.  22S3. 

B.J.  563  

V  Cor.  Bor..  . 

B.J.  568  

B.J.  571  

B.J.  572  

B.J.  573  

"z  Bootis  .... 

B.J.  576  

B.J.  578  

B.J.  580  

fCor.  Bor... 
i  Serpentis . . . 

B.J.  581  

B.J.  583  

B.J.  584.  

X  Herculis  .  . 

B.J.  591  

B.J.  593  

!B.J.  595.  

r  Herculis.  .  . 

B.J.  598  

k  Herculis . . . 

B.J.  601  

Groom.  750.  . 

B.J.  621  

42  Herculis.  . 
f  Herculis...  . 

B.J.  626  

B.J.  627  

B.J.  629  

53  Herculis. . . 
£  Urs.  Min... 
d  Herculis . . . 

B.J.  635  

B.J.  636  

B.J.  640  

B.J.  643  

e  Herculis. .  .  . 
w  Herculis.  . . 
p  Herculis. ... 

B.J.  650.  

X  Herculis  . . . 

B.J.  653  

Groom.  944 . . 
B.J.  663  


L.C. 


h.  m.  s 


L.C. 


15  00 
03 
06 
11 

19 
21 

22 
24 
27 
28 
29 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
07 
31 
36 
37 
39 
43 
47 
49 
55 
58 

17  01 
04 
10 
11 
14 
17 
20 
24 
27 
2s 
32 
36 


s. 


-011  50 
(•422)21 
29 
53 
30 
06 
57 
OS 
42 
34 
19 
53 
36 
00 
33 
58 
02 
42 
35 
18 
52 
41 
12 
14 
01 
57 
41 
13 
19 
54 
49 
37 
59 
34 
is 
17 
13 
.'.1 
33 
55 
35 
18 
35 
22 
06 
25 
46 
56 


ss 


79  31 -19 
48  54-34 

18  

52  07-39 

56  58-53 
1008-91 
99  43  86 

81  

0019-88 
64  54-42 
90  37-74 

«  i 

09  

61  59-58 
77  03-68' 
19  42-99 
16  

57  19-42 
70  53-46 
01  41  SO 

48  

13  14-99 

64  

48  58-22 
52  43-34 
28  14- 19 

69  

63  

79  50-62 
12  38  04 
76  00-64 

29  

04  19- IS 
91 L  

06  13-90 

07  52 ■ 56 
4S  34-24 
SO  56-62 
07  ... 
42 

68... 
45  23-26 

91  

30  26-23 
S2  47-60 
50  57-47 


•40 
•86 


•87 


■S4 


•97 
•91 
■80 


•85 
■76 


•82 
•91 


•S3 


114 


•82 
•89 
•76 
•S2 


■7> 


•83  15  00  51 
03  22 


•84 


11 

19 
21 
22 
24 
27 
28 
29 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 
16  00 
04 
05 


31  14 

36  20 

37  55 
39  50 
43  37 

48  00 

49  35 


58  18 
17  01  13 
04  52 

10  34 

11  56 
14  35 
17  19 
20  36 
24  23 

27  07 

28  26 


36  57-34 


Clamp  West. 


Adopted  ±T+m=  836  +  0033  (T-15b  55"). 
26.    Observed  facing  north. 


REPORT  OF  THE  CHIEF  ASTRONOMER 


355 


SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  .MERIDIAN  CIRCLE— Continued 


Date 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


.  o 

SO 


IS 


is 


App.  R.A. 
from 
Obser- 
vation 


1910 
May  28 


Bradlev  1672. 

B.J.  461  

15  Comae .... 

B.J.  467  

B.J.  470  

23  Comae .... 
9  Can.  Ven. . . 
322  H.  Camel. 

B.J.  485  

43  H.  Cephei. 

14  Can.  Ven. . 

15  Can.  Ven. . 

B.J.  491  

B.J.  492  

19  Can.  Ven. . 

B.J.  494  

B.J.  497  

a  Urs.  Min . .  . 

B.J.  502  

25  Can.  Ven. . 

B.J.  507  

B.J.  509  

9  H.  BobtiB. . 
B.J.  522  

526  

527  

531  

204  B.  Bootis. 

B.J.  534  

B.J.  535  

a  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

f  Bootis  

295  B.  Bootis. 

t  Bootis  

B.J.  549  

B.J.  551  

B.J.  555  

B.J.  557  

Groom.  2283. 

B.J.  563  

I  Cor.  Bor  

B.J.  568  

B.J.  571  

B.J.  573  

v-  Bootis  

B.J.  576  

B.J.  578  


iL.C. 


L.C. 


B.J 
B.J 
B.J 


h.  m. 

s 

N 

12  14 

.  >l*1 

on 
OU 

a 

21 

*>t\ 
£D 

1  A. 

it 

22 

97 

19 

a 

25 

*rO 

7-  > 
i  - 

u 

29 

9ft 

oo 
Oo 

it 

30 

22 

a 

34 

■  V, 

73 
1  o 

48 

Ol 
ol 

oO 

51 

tit 

A.Q 
"4  J 

a 

56 

uo 

nt > 

"    13  01 

19 

90 

« 

05 

oo 

QO 

00 

» 

05 

KG* 
.  i,  i 

I  'A  j 

oy 

a 

07 

7ft 

a 

11 

9Q 

Do 

u 

13 

87 
Ol 

it 

20 

lo 

OO 

it 

26 

1 7 

1  1 

u 

30 

47 

lo 

u 

33 

9fl 
Zo 

-  i 

u 

42 

ceo 

oy 

4.) 

u 

44 

uu 

07 
■  •  1 

u 

14  04 

on 

I'M 

a 

06 

[  □ 

10 

u 

11 

OQ 

- ., ) 

OQ 

■M 

>. 

12 

Oo 

cn 
01 > 

a 

22 

ftfi 
I/O 

71 1 

a 

26 

(\A 

1 17 

a 

27 

57 

65 

u 

28 

27 

89 

u 

30 

46 

30 

u 

35 

30 

03 

a 

36 

51 

60 

a 

39 

28 

69 

u 

41 

ill 

00 

it 

45 

35 

41 

a 

47 

14 

69 

a 

49 

10 

51 

It 

51 

58 

86 

u 

58 

34 

05 

a 

15  00 

:i5 

99 

a 

06 

17 

s7 

u 

11 

53 

12 

a 

19 

29 

•80 

u 

21 

06 

•17 

u 

22 

56 

•74 

If 

27 

42 

•58 

a 

28 

34 

■  49 

it 

29 

18 

•73 

u 

30 

53 

•27 

B. 


S. 


-•002  52 
(•432)25' 
27. 
46 
28> 
22 
27' 
36' 
49- 
00 
32 
34 
56 
40 
30 
31 
19 
56 
47 
28 
59 
00 
21- 
18' 
34 
58 
:09 
05 
57 
!28 
46 
30 
51 
28 
04 
135 
14 
11 
58 
34 
36 
28 
53 
30 
06 
57 
42 
34 
19 
53 


53-75 
26-40 


47-36 
29-69 


37-19 

50-68> 
02-37i 


56-94 
41-85 


19-28 
34-85 
59-87 
10-37 


32-20 
5120-48 
87!00-21 
51:48-43 

56  

60  00-53 
88,01 -85 
02 
37 
00 
95 
35 
06 

91  58-82 

24  29-17 

55  

46:31-38 
72  [52- 59 
92 
24 
75 
85 

25  12-16 
98  59-91 
42  35-39 
23  37  09 
42  30-97 
41  54-35 
•05 

•5107-40 
•47158-53 
96  43-87 
87... 
■00  19- 
50  54-42 


117 

•91 


•92 


1-08 
-84 
1-65 


•90 
•92 


•  96 


3-34 
•92 


93 


•91 
•85 


■HI 
•93 


•92 
•87 


•93 
•97 
•86 
2-55 
•94 


•91 


•88 
•92 


h.  m. 


•90 


12  21  26 

22  28 
25  47 

29  29 

30  23 
34  28 


51  50 


13  01  33 
05  35 
05  56 
07  41 
11  30 
13  32 
20  20 


•91 


30 
33 
43 
44 

14  04 
06 
11 
12 
22 
26 
27 
28 
30 
35 
36 
39 
41 
45 
47 
49 
51 
58 

15  00 


11  54 

19  30 

21  07 

22  58 

27  43 

28  35 

29  19 

30  54 


Clamp  We6t. 


Adopted  AT+m=  -904+  -0033  (T-14b  10°). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 

TABLE  111. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


o 

3 

£  ° 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


_  S 

as  a 
q 


1*3 


<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
May  28 


June  3 


1  B.J.  5S0. 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


2  f  Cor.  Bor  ' 

3  t  Serpentis .... 

4  B.J.  581  

5  B.J.  583  

6  B.J.  584  

7  x  Herculis  

8  B.J.  591  

9  B.J.  593  

10  B.J.  595  ! 

11  r  Herculis  ' 


32=  H.  Camel.. 

B.J.  485  

43  H.  Cephei..  L.C. 
1 14  Can.  Ven... 
15  Can.  Ven. .. 

B.J.  491  

B.J.  492  

19  Can.  Ven... 

B.J.  494  

23  Can.  Ven. .. 

B.J.497..  

a  Urs.  Min. . . .  L.C. 

B.J.502  

25  Can.  Ven. . . 

B.J.  507  

B.J.509  

B.J.  513  

B.J.  517  

9  H.  Bootis... 

B.J.522  

B.J.  526  

B.J.527  

B.J.  531  

204  B.  Bodtis.. 

B.J.  534  

«•  Bootis  

|B.J.  540  

B.J.  543  

34  Bootis  

e  Bootis  

295  B.  Bootis.. 
J  Bootis  


B.J.  549. 

B.J.  551  

B.J.  555  

B.J.  557  

c  Bootis  

Groom.  2283. 


N 


h.  m.  s 

15  34  36 

36  00 

37  32 

38  58 
42  02 
44  41 
49  34 

52  18 

53  52 
55  40 
57  12 


12  4  s 
51 
56 

13  01 
05 
05 
07 
11 
13 
16 
20 
26 
30 
33 
42 
43 
50 
57 

14  04 
06 
11 
12 
22 
26 
27 
30 
35 
36 
39 
41 
45 
47 
49 
51 
58 

15  00 
03 
06 


-•002  36 
(•432)00 
33 
58 
02 
42 
35 

l18 
52 

40 

 12 


-•025  34 
(•456)49 
01 
32 
33 
55 
40 
2!  I 
30 
17 
18 
04 
46 
27 
59 
00 
23 
05 
20 
17 
33 
58 
08 
04 
57 
46 
29 
51 
28 
03 
35 
14 
10 
58 
33 
3.5 
21 
26 


8. 

79  37-74 

37  

12  

65  59-59 
72  03-69 
OS  43-00 

09  

48  19-43 
6153-47 
99  41-87 
46  




71  

22  

35  

65  12-OS 
51  59-91 
92  35-37 
6S  37-09 
18 

76  29-71 


•95 


•94 
•97 
•92 


•95 


1-22 
1-38 
1-90 


1-40 
1-42 


14 


97  36-19 
22  50-60 
97  03  S7 

10  

65  

47  56-87 

38  41-80 

42  

69  32  13  1 

23  

87  20-36  .... 

6504-99  -34 

97  48-37  1-40 

95  !  

10  00-49  1-39 

29  01-76   

96  25-38  1-42 

74  07-22  1-48 

44  


80  19-25 
46  34-83 
35  59-81 
S3  10-29 

52  

35  5SS0 
03 

94  31-34  "i-40 
18  52-59  1-41 

9' 


1  -45 
1-37 


1-45 


1-40 
1-45 
1-41 


91 


h.  m. 

15  34  37 

36  01 

37  34 

38  59 
42  03 

48  42 

49  36 

52  19 

53  53 
55  41 
57  13 


1-40 


12  51  50 


13  01  33 
05  35 
05  56 
07  41 
11  30 
13  32 
16  18 
20  20 


1-41 


2-95 


30 
33 
43 
44 
50 
57 

14  04 
06 
11 
12 
22 
26 
27 
30 
35 
36 
39 
41 
45 
47 
49 
51 
58 

15  00 
03 


70 
28 
03 
56 
63 
99 

INI 

39 

52 

CO 
37 


Clamp  West.  1-11.    Adopted  iT+m  =  -904+  -0033  (T- 14"  10°). 

12-49.    Adopted  ±T+m  =  1-408+  -0034  (T-14h  25°). 
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SESSIONAL  PAPER  No.  25a. 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


°  s 

9.0 


M  a 


5  S 

a+ 

5r< 


App.  R.A. 
from 
Obser- 
vation 


1910 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  563  

v  Cor.  Bor  

B.J.  568   

B.J.  571  

B.J.  572  

B.J.  573  

r-  Boot  is  

B.J.  576  

B.J.  578  

B.J.  580  

$  Cor.  Bor .... 
i  Serpentis.. .  . 

B.J.  581  

B.J.  583  

B.J.  5S4  

X  Herculis 

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis  

B.J.  598  

k  Herculis  

t  Cor.  Bor. . . . 
Groom.  750 .. . 

23  Can.  Ven... 

B.J.  497  

a  Urs.  Min  

B.J.  502  

25  Can.  Ven. . . 

B.J.  507  

B.J.  509  

513  

517  

Bootis . . . 

522  

B.J.  526  

B.J.  527  

iB.J.  531  

204  B.  Bootis. 

B.J.  534  

V  Bootis  

B.J.  540   

B.J.  543  

34  Bootis. 

f  Bootis  

|295  B.  Bootis. 

£  Bootis  

B.J.  549  

IB.J.  555  


L.C. 


L.C. 


B.J. 
B.J. 
9  H. 
B.J. 


h.  m. 

8 

s 

15  11 

52 

li] 

u 

19 

29 

34 

« 

21 

05 

6S 

22 

56 

31 

24 

07 

'_!2 

27 

42 

or, 

28 

33 

92 

29 

18 

16 

30 

52 

83 

34 

35 

ss 

35 

59 

51 

37 

32 

12 

38 

57 

96 

42 

02 

17 

44 

41 

43 

49 

34 

08 

52 

17 

87 

53 

51 

ss 

55 

39 

83 

57 

11 

84 

16  00 

12 

80 

04 

00 

94 

05 

41 

03 

07 

47 

38 

s 

13  16 

16 

71 

20 

18 

19 

u 

— o 

uo 

u 

30 

46 

54 

33 

27 

56 

tt 

42 

58 

90 

It 

43 

59 

71 

tt 

50 

23 

76 

u 

57 

05 

50 

tt 

14  04 

19 

84 

tt 

06 

17 

51 

u 

11 

33 

28 

tt 

12 

57 

88 

a 

22 

OS 

20 

a 

26 

04 

04 

a 

27 

57 

07 

tt 

30 

45 

•69 

It 

35 

29 

■36 

u 

36 

51 

•04 

tt 

39 

28 

■07 

it 

41 

03 

■40 

u 

45 

34 

•70 

a 

47 

14 

•05 

tt 

49 

09 

•86 

tt 

58 

33 

■49 

-025 
(•456) 


-•017  17 

(•480)  18 
j02 
46 
27 
i59 
00 
23 
05 
20 
17 
33 
!58 
OS 
!04 
57 
45 
|29 
51 
128 
03 
35 
14 
10 
33 


92  54 
6l|.. 
03  07 
99  5S 
48  OS 
46  43 
32  .. 
44  19 
07  54 
27  37 
85  .. 
59  . . 
20  59 
3103 
59  43 
50! . . 
01119 
12  53' 
40  41  • 

ooL 

46  14 

09i... 
37  ... 
99  43 


34 


98 


S4 


13  ... 
S2  20-34 
08  05-99 
9248-36 

93  ... 
07  00-49 
22  01-75 

94  25-38 
77 107-21 
32  ... 
75  19-25 
47  34-S3 

32  59 -SO 
7610-28 
49  . . . 
37  5S-80 
98  ... 
85  31-33 
IS  52-58 

33  ... 


09... 
24  .  .  . 
61  12-06 
9135-36 


1-36! 


1-44 
1-40 


1-45! 
1-36 
1-48; 


1-40 
1-41 
1-44 


1-45 
1-37 


1-85 


3-91 
1-44 


1-42 


1-44 
1-44 


1-50 
1-36 


1-43 


1-48 
1-40 


1-45 


h.  m.  s. 


1-42  1-41 


15  11 
19 
21 

22 
24 
27 
28 
29 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 


54-33 
31-02 

07-  44 

58-  40 

08-  89 
43-87 
35-73 
19-85 
54-48 
37-68 

01-  26 

34-  00 

59-  61 
03-72 
43  00 

35-  91 
19-42 
53-53 

41-  81 

13-  41 

14-  87 

02-  50 

42-  78 


1-45 


13-16  18-58 
20  20-27 


30  48-37 
33  29-38 

43  00-52 

44  01-67 
50  25-39 

57  07-22 
14  04  21-77 

06  19-20 

11  34-92 

12  59-77 
22  10-21 

26  05-94 

27  58-82 
30  47-43 

35  31-30 

36  52-63 
39  29-78 
41  05-11 

45  36-54 
47  15-69 
49  12-06 

58  35-36 


Clamp  West.  1-24.    Adopted  Ar+m  =  1-408+ -0034  (T-14h  25-). 

25-49.    Adopted  Ar+»;  =  l-454+-0035  (T-15h  20-). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  H1J 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date  c 


Object 


Notes  g 


Coll. 


Time  of 
Observed 
Transit 


I'oh.r 

Dev.) 


c 
73 


S5 


App.  R.A. 
from 
Obser- 
vation 


B.J.  557  

c  Bootis  

Groom.  22S3.. 

B.J.  563  

v  Cor.  Bor. . .  . 

B.J.  56S  

B.J.  571  

B.J.  572  

B.J.  573  

v-  Bootis  

B.J.  57S  

B.J.  580  

i" Cor.  Bor. . . . 

i  Serpentis  

B.J.  581  

B.J.  583  

B.J.  5S4..  

x  Herculis.  .  . . 

B.J.  591  

B.J.  593  

B.J.  595.  

r  Herculis  

B.J.  59S.  

«  Herculis  

t  Cor.  Bor.  .  .  . 
Groom.  750. . . 
a-  Cor.  Bor..  . 

|B.J.  609  

i23  Herculis .  .  . 

IB.J.  613.  

g  Herculis 

e  I  rs.  Min.  .  .  . 

d  Herculis 

B.J.  635  

B.J.  636  

B.J.  640  

B.J.  643  

u  Herculis  ... . 

w  Herculis  

p  Herculis  


L.C. 


41  B.J.  643.  

42  w  Herculis  

43  p  Herculis  

44  B.J.  653  

45  B.J.  663  

46  B.J.  667  

47  87  Herculis.... 

48  s  Herculis  .... 

49  16S  H>.  Here. . 


15  (X) 

03 
06 
11 
19 
21 
22 
24 
27 
28 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
07 
11 
17 
19 
21 
25 
55 
5S 

17  01 
04 
10 
11 
14 
17 
20 


11  54 
17  17 
20  34 
28  ■-'! 
36  55 
42  56 
45  10 
47  42 
49  OS 


43 
99 
18 
66 
21 
it 
27 
21 
94 
81 
69 
85 
47 
41 
ss 
09 
:;.-) 
99 
73 
75 
84 
73 
73 
ss 
98 
97 
:,s 
12 
28 
78 
35 
22 
15 
42 
71 
78 
89 
21 
58 
83 

62 
36 
5:i 
06 
53 
00 
03 
09 
91 


-  -017  35 
C-4S0)  21 

|29 

129 
05 
57 
07 
42 
34 
52 
36 
59 
32 
58 
02 
41 
34 
17 
52 
in 
11 
13 
01 
41 
42 
is 
57 
29 
15 

a 

17 
17 

12 
51 

32 
55 

IKI 

17 

35 


-  021 

(■457) 


97  56-74 
66 

S9 


58  26-37 
63 
97 


95  57- 


25  57- 
26 
55 
30 


39 


69  37  08  1 
24  

98  29-38  2-40 

99  54-34  1-35 

50'  


1-60 


1-43 
1-49 


1-49 
1-47 


1-48 
1-48 
1-50 


1-57 
1-49 


79  07-39 
01  58-46 
49  08-92 
37  43-86 

24  

95  54-44 
27  37-74 

84  

60  

13  59-61 
24  03-72 
53  43-03 

44  

89  19-46 
0153-50 
16  U-85 
91 

45  14 

05 
35 

19  43-96 
92 

31  58-74 
60 
92 
79 

52  19- IS  1-66 

48 

55  14  00 

13  52-65! 
92  34-34 
26  56-71 


1-77 


1-43 


17-451  1-53 


1-45 
1-52 
1-42 
1-45 


1-77 


1-72 


8.     [h.  m.  s. 

1-45  15  00  37- 14 
03-22-6SL 


1  -  If. 


11  54  44 
19  30-95 

21  07-24 

22  58-46 
24  08-94 

27  43-82 

28  35-69 
30  54-40 
34  37-72 
37  01-29 

37  34  06 

38  59-59 
42  03-70 
41  42-99] 
49  35-90 

52  19-35 

53  53-47 
55  41-92 
57  13-37 

16  00  14-91 

04  02-51 

05  42-81 


11  20-38 
17  58-77 
19  3106 
21  17-38 
25  43-25 


1-71  17 


5S  IS -94 
17  01  It  01 
04  52-59 

10  34-38 

11  56-72 
14  01-99 
17  19-36 
20  30-67 


50 -6S 
19-37 
36-60 
26-29 
57  ■  66 
57-96 
11-97 
44-26 
11-01 


Clamp  West.  1-40.    Adopted  Ar+»i  =  l-4544--0035  (T-15b  20°>). 

41-49.    Adopted  ±T+m  =  1-7134-  0035  (T-lSb  10-). 
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ESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


c  . 

£  ° 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


E-1  ° 
L  g 

•  °S 


c 


4- 


7  5 

1+ 


App.  R.A. 
from 
Obser- 
vation 


1910 


u.  m.  s 


10 
11 

III 
14 
15 
16 
17 
18 
19 

!  20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
I  32 
33 
34 

;  35 

36 
37 
3S 
39 
40 
41 

I  42 
43 
44 
40 

I  46 
47 

!  48 
49 


B.J.  671  

B.J.  672  

B.J.  676  

B.J.  6S4  

4-16  B.  Here. 

B.  J.  690  

n  Lvrae  

B.Jl  691  

B.J.  699  

51  H.  Cephei.. 

B.J.  716  

B.J.  719  

XUrs.  Min. . . . 
159  B.  Lyrae. . 

b  Aquilae  

21  B.  Vulp  ... 
4Cygni  

a  \  ulp  

B.J.  733  

eSagittae  

14  Cygni  

43  H.  Cephei. . 

14  Can.  Yen. . . 

15  Can.  Ven. . . 

B.J.  491  

B.J.  492  

19  Can.  Ven. . . 

B.J.  494  

23  Can.  Ven. . . 

B.J.  497..  

a.  Urs.  Min  

B.J.  502  

25  Can.  Ven. . . 

B.J.  507  

B.J.  509  

B.J.  513  

B.J.  517...... . 

Bootis .  . . 

522  

526  

527  

531  

204  B.  Bootis.. 

B.J.  534  

B.J.  535  

«•  Bootis  

B.J.  540  

B.J.  .543  

34  Bootis  


L.C. 


L.C. 


L.C. 


9  H. 
B.J. 
B  J. 
B.J. 
B.J. 


N 


17  51 

53 
54 

18  12 
18 
19 
21 
22 
33 
58 

19  01 
04 
11 
15 
20 
21 
22 
24 
27 
33 
36 

12  56 

13  01 
05 
05 
07 
11 
13 
16 
20 
26 
30 
33 
42 
43 
50 
57 

14  04 
06 
11 
12 
22 
26 
27 
28 
30 
35 
36 
39 


8. 


S. 


-•021  59 
(•457)  10 
31 
51 
|23 
51 
16 
36 
|53 
18 
16 
05 
4S 
.-.7 
40 
42 

■  H 

26 
12. 
30 


s. 


h.  m.  s 


17  00-95 
20  11-91 

54  33-29 
09  52-79 

52  

78  53-491  1 

08  

58  38-34 
64  55-34 
08  20-29 
27  17-99 
37  07-11 
26  51-25 

59  

54  

08  

50  

44  

4028-10 

69  

6l|  


-012  02 
(-459)31 
33 
54 
39 
2s 
30 
16 
18 
07 
46 
27 
58 
59 
23 
05 
20 
17 
33 
57 
08 
04 
56 
27 
45 
20 
50 
27 


47  05 

63  .. 
27  .  . 

97  56 

95  41 
97i.. 
2132 
79|. . 
44  20 
9010 
56  48 
56  . . 
63  00 

90  01 
54  25 
33  07 

03  . 
3719 

04  34 

91  59 
39  10 
19 

98  58 
32  29 

54  . . 

55  31 
74  52 

96  . . 


•37 


06 


1  -  71 


1-70 


1  70 
2-21 
1-72 

1-  74 

2-  99 


2-90 


1-84 
1-80 


1-85 


217 
1-76 


1S3 


1-81 
1-86, 


1-85 
1-77 


1-79 
1-78. 


1-75 
1-84 


1-72 


1-81 


17  52  00 

88 

53  11 

91 

54  33 

25 

18  12  52 

80 

18  25 

23 

19  53 

49 

°1  17 

79 

.     22  38 

29 

oo  00 

oo 

19  01  17 

99 

04  07 

09 

15  59 

31 

20  42 

26 

21  43 

80 

22  56 

22 

24  59 

16 

27  28 

12 

33  14 

41 

36  32 

33 

13  01  33 

44 

05  35 

08 

05  56 

7s 

07  41 

76 

11  30 

78 

13  32 

02 

16  18 

60 

20  20 

25 

30  48 

37 

33  29 

37 

43  00 

44 

44  01 

71 

50  25 

35 

57  07 

14 

14  04  21 

84 

06  19 

18 

11  34 

85 

12  59 

72 

22  10 

20 

26  06 

00 

27  58 

79 

28  29 

13 

30  47 

35 

35  31 

36 

36  52 

55 

39  29 

77 

Clamp  West.  1-21.    Adopted  Ar+m  =  1-713+ -0035  (T-18h  10°). 

22  -49.    Adopted  2>r+m  =  l-811  +  -0035  (T-14h  30-). 
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3  GEORGE  V..  A.  191J 

TABLE  III. 

REDUCTION"  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


a  . 
2  ° 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


=  — 

i—  — 
—  u 


0  t 

do 
a 


I  s 

9  . 
t.  4- 


App.  R.A. 
from 
Obser- 
vation 


1 

2 

3 

4 

5 

6 

7 

8 

9 
id 
11 
12 
13 
14 
15 
16 
17 
is 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


h.  m.  s. 


f  Bootis  

295  B.  Bootis.. 

i  Bootis  

B.J.  549  

B.J.  551  

B.J.  555   

B.J.  557  

c  Bootis  

Groom.  2283. . 

I  B.J.  563  

t,  Cor.  Bor  

B.J.  56S  

B.J.  571  

B.J.  573  

»-  Bootis  

B.J.  578  

B.J.  580  

f  Cor.  Bor. . . . 
It  Serpentis... . 

iB.J.  5S1  

B.J.  583  

B.J.  5S4  

X  Herculis. . 

B.J.  591  

B.J.  593  

B.J.  595.... 
r  Herculis  . . 
B.J.  598.... 

it  Herculis  

t  Cor.  Bor.. . . 
Groom.  750. . .  L.C. 


N 


23  Can.  Yen... 

B.J.  497  

a  Urs.  Min  

B.J.  502  

25  Can.  Yen. . . 

B.J.  507  

B.J.  .509  

B.J.  513  

B.J.  517  

9  H.  Bootis. . . 

B.J.  522  

B.J.  526  

B.J.  527  

B.J.  531  

g  Bootis  

B.J.  534  

<r  Bootis  

B.J.  540  


L.C. 


14  41 
45 
47 
49 
51 
58 

15  00 
03 
06 
11 
19 
21 
22 
27 
28 
30 
34 
35 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
07 

13  16 
20 
26 
30 
33 
42 
43 
50 
57 

14  04 
06 
11 
12 
22 
25 
27 
30 
35 


03  06 

34-  46 
13-82 
09-44 
57-98 
33-07 

35-  04 
20-55 
12-81 
52- 15 
2S-'.I2 
05-21 

55-  77 
41-57 
33-57 
52-35 
35-53 
.V.l- is 
32  06 

57-  60 
01 -S6 
41-04 
33-75 
17-55 
51-49 

39-  32 

11-  51 

12-  32 
00-60 

40-  64 
47-71 

16-  25 

17-  65 
30-57 
46  03 

27-  06 

58-  36 

59-  12 
23 -2S 
04-98 
19-38 
1704 
32-77 
57-37 
07-67 
29-69 

56-  51 
45- 15 

28 -  S6 


-•012 
(-459) 


8. 

03-2 
34 -J 
13-S 
10-2 
58-1 
33- 
35 
20 
23 
52 
29 
05 
56 
41 
33 
52 
35 
59 
32 
57 
01 
41 
34 
17 
51 
3;  i 
11 
13 
00 
40 
12 


27-S8 
54-33 


1200 
59-91 

46|35-34 
27  37  OS 
76| 
77 
45 
■18 

55  07-38 
52  58-42 
96i43-85 
■961 

■57  54-42 
■92  37-74 

•51  

■23  

■82  59-61 
•99  03-74 
•194305 

•16  

•68|l9-48 
■71S3-51 
■96  41-84 

•66  

-06  14-96 
74 
'.'7 

41 44-54 


-021  16-66 
(-462)  18-25 
08-65 
46-40 
27-42 
,58-52 
•  !59-60 
23-45 
05-24 
|l9-83 
17-27 
32-95 
57-80 
08-20 
30- 17 
56-80 
45-43 
29-32 


20-23 
1101 
48-31 


00-  46 

01-  67 
25-35 
07- IS 


19-22 
34S1 
59-75 
10-22 


58-77 
31-29 


1-81 
1-88 
1-81 


11 


1-83 


1-S9 


1-85 
1-82 


1-79 
1-75 
1-S6 


1-S0 
1-80 


2-13 


2-36 
1-91 


1-94 


1-90 
1-94 


1-95 
1-86 


1-97 


1-97 


6.     h.  m.  s. 

1-81  14  41  05  10 
45  36-32 
47  15-79 
49  12  02 
51  59-91 
58  35-27 
15  00  37  08 
03  22-57 


1-82 


1-94 


11  54-26 
19  30-99 

21  07-36 

22  58-33 
27  43-77 
2S  35-77 
30  54-38 
34  37-73 

36  01-32 

37  34  04 

38  59-64 
42  03-81 
44  43  01 
49  35-98 

52  19-50 

53  53-53 
55  41-78 
57  13-48 

16  00  14-88 

04  02-56 

05  42-79 


13  16  ls-60 


20  20- 19 

30 

4S 

34 

33 

29 

36 

43 

00 

46 

44 

01 

.VI 

50 

25 

39 

57 

07 

is 

14  04 

21 

77 

06 

19 

21 

11 

34 

89 

12 

.V.I 

74 

22 

10 

14 

25 

32 

n 

27 

;,s 

74 

30 

47 

37 

35 

31 

28 

Clamp  West.  1-31.    Adopted  Ar+m  =  l-Sll  +  -0035  (T-14h  30"). 

32  -49.    Adopted  Ar+m  =  l-942+-0035  (T-14b  40°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


c  . 
P4 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


H  ° 

^  a; 

°  s 

9,0 


_  =3 

M  c 


>-  -4- 


App.  R.A. 
from 
Obser- 
vation 


1910 


10 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  543  

34  Bootis  

e  Bootis  

295  B.  Bootis. 

£  Bootis  

B.J.  549  

B.J.  551  

B.J.  555  

i  Bootis  

c  Bootis  

Groom.  2283. 

B.J.  563  

V  Cor.  Bor. . . 

B.J.  568  

B.J.  571  

B.J.  572  

B.J.  573  

v-  Bootis  

B.J.  57S  

B.J.  580  

rCor.  Bor... 
i  Serpentis . .  . 

B.J.  581  

B.J.  583  

B.J.  584.  

X  Herculis.  .  . 

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis  . . . 

B.J.  598  

t  Herculis .... 

B.J.  601  

Groom.  750.  . 
a"-  Cor.  Bor. . 
B.J.  608  


B.J.  527  

/Bootis  

204  B.  Bootis. 

B.J.  534  

B.J.  535  

tr  Bootis  

B.J.  540  

B.J.  543  

34  Bootis .... 

«  Bootis  

295  B.  Bootis 

i  Bootis  

B.J.  549  


L.C. 


h.  m.  s. 


14  36 
39 
41 
45 
47 
49 
51 
58 

15  00 
03 
06 
11 
19 
21 
22 
24 
27 
28 
30 
34 
35 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
07 
11 
17 


N 


50-  45 

27-  51 
02 -S7 

34-  31 

13-  60 
09-35 
57 -SI 

32-  97 
49-28 
20-39 

14-  18 
52  06 

28-  80 
05  06 
55-69 
06-66 
41-47 

33-  34 
52-25 

35-  41 
59-00 
31-88: 
57-40 
01-66 
40-95 
33-57 

17-  37 

51-  27 
39-30 

11-  31 

12-  25 
00-42 
55-89 
47-69 

18-  27 
02  00 


14  12  57-08 
22  15-36 

26  03-26 

27  56-33 

28  26-54 
30  44-95 

35  28-63 

36  50-36 
39  27-31 
41  02-74 
45  34  04 
47  13-39 
49  0S-97: 


8. 


-•021 
(-462) 


8. 

59 '52 -58 

76  

12  


77  

06111-98 
95  59-91 
38  35-34 
73  . . . 
62  . . . 
47  27-54 
38  54  -33 


43  07-38 
39  58-41 
93  OS -92 
88|43-85 
76 

50  54-44 
82  37-74 

36  

06  

64|59-61 
80  03-74 
1143-05 
01 

51  19-48 

52  53-51 
89  41-84 
47 
93 
57 
36158-25 


14-96 


44-69 


•003  57-60 
(•486)15-53 
03-71 


04-39 
59-73 


56-62  58-76 
126-94  29-09 

45-23  

29-12  31-28 
'50-47  52-57 
27-56 
02-99 
34-43 
13-56 
09 -SO 


11-96 


1-99 


1-96 
1-96 


3-07 
1-95 


1-95 


1-99 
1-97 


1-94 
1-92 


1-97 
1-94 
1-94 


1-97 
1-99 


2-52 


2  14 
2-15 


2-16 
210 


8. 

1-94 


h.  m.  s. 

14  36  52-53 
39  29-70 
41  05  06 
45  36-63 
47  15-71 
49  12-00 
51  59-89 
58  35-32 

15  00  51-67 
03  22-56 


1-95 


11 
19 
21 

22 
24 
27 
28 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 
16  00 
04 
05 


54-32 
31-02 

07-  37 

58-  33 

08-  87 
43-82 
35-70 
54-44 
37-77 

01-  31 

34-  01 

59-  59 
03-75 
43  06 

35-  96 
19-46 
53-47 
41-84 
13-42 
1 1  ■  ss 

02-  52 
58-31 


2-14 


14 


11  20-54 
17  04-38 

12  59-74 
22  17-67 

26  05-85 

27  58-76 

28  29-08 
30  47-37 

35  31-26 

36  52-61 
39  29-70 
41  05-13 
45  36-57 
47  15-70 
49  11-94 


From  June  9  Clamp  West;  from  June  10  Clamp  East. 
1-36.    Adopted  A 7*4- m  =  l- 942+  •  0035  (T-14h  40"). 
37  -49.    Adopted  Ar+»i=2-1464--0036  (T-15h  10->). 
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i  GEORGE  V.,  A.  191J 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 
— 


Object 


Notes  j; 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


°.  = 
SO 


a 

O.j. 

jg 


=  = 

9  ■ 


1+ 

<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
Jur.e  10 


B.J.  551  

B.J.  555  

!B.J.  557  

c  Bootis  

Groom.  2283.  . 

B.J.  563  

B.J.  568  

B.J.  571  

B.J.  572  

B.J.  573  

v-  Bootis  

B.J.  576  

B.J.  578  

B.J.  5S0  

f  Cor.  Bor.... 
i  Serpentis . . 

B.J.  581  

B.J.  583  

B.J.  584  

x  Herculis. . 

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis. . . 

B.J.  598.  I 

k  Herculis  

t  Cor.  Bor... . 
Groom.  750 . . .  L.C. 


June  13  29  B.J.  497 . 


30 
31 

32 
33 
34 


40 
41 
42 


45 
46 
47 


a  Urs.  Min .... 

B.J.  502  

B.J.  507   

B.J.  509  

B.J.  513  

35  B.J.  517  

36  9  H.  Bootis. . . 

37  B.J.  522  

38  B.J.  526  

39  B.J.  528  

B.J.  531  

g  Bootis  

B.J.  534  

43  B.J.  535  

44  a  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

48  e  Bootis  

49  295  B.  Bootis.. 


L.C. 


h.  m. 


s. 


s. 


N  14  51  57-62     003    57-74  59-91  2-17 


S 
N 

U 

s 

N 
S 
N 


N 


58 

15  00 
03 
06 
11 
21 
22 
24 
27 
28 
29 
30 
34 
35 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
07 

13  20 
26 
30 
42 
43 
50 
57 

14  04 
06 
11 
12 
22 
25 
27 
28 
30 
35 
36 
39 
41 
45 


79 
68 
20 

;;: 
84 
81 
36 
47 
25 
21 
48 
00 
17 
76 
69 
20 
37 
72 
30 
17 
13 
88 
16 
89 
22 
25 
79 

22 
96 
67 
94 
77 
91 
62 
92 
68 
35 
00 
29 
21 
17 
41 
M 
42 
22 
14 
61 


(-4S6) 


33 
34 
20 
24 
52 
05 
56 
06 
41 
33 
17 
52 
35 
59 
31 
57 
01 
40 
33 
17 
51 
39 
11 
12 
00 
40 
-  42 


•002  17 
(-503)  09 
(-464)*  46 
58 
59 
23 
04 
11' 
16 
32 
58 
07 
129 
56 
26 
45 
28 
50 
27 
02 
34 


22  35 

93  37 

43  . . 
60  27 

17  54 
19  07 

18  58 

74  in 

68  43 
65  . . 
78  19 
25  54 
60  37 
13 

86  .  . 

44  59 
50  03 

88  43 
76  . . 

31  19 
38  53 
58  41 

32  . . 

69  14 
37  ... 
62 

40  44 

95  20 

75  14 
06  4S 
1000 
36  01 
08  25 

89  07 
-11 

92  19 
53  34 
55  00 

94  10 
74l... 
47  5S 
8129 
11 

92  31 
34  52 
40 
s7 
29 


33 
07 


21 

32 
37 
39 
92 
84 


89 
44 
73 


61 
74 
05 


95 


19 
7s 
S2 
14 


74 

06 


211 
2- 14 


2-61 
2- 15 
2-  l.s 


2  - is 
2- 16 


2- 11 
2- 19 
213 


217 
2-24 
2- 17 


217 
213 


S3  2-43- 


4-67 
219 
2-33 


2-24 
2-26 


2-27 
2-25 


2-27 
2-25 


2-32 
2-22 


s. 

2- 14 
2- 15 


h.  m.  s. 

14  51  59-88 
58  35-37 

15  00  37  08 
03  22-58 


11 

21 

22 
24 
27 
2s 
29 
30 
34 
36 
37 
3s 
42 
44 
49 
52 
53 
55 
57 
16  00 
04 
05 


54-32 
07-34 
58  33 
OS- 89 
43-83 
35  SO 
19-93 
54  40 
37-75 

01-  28 
34  01 
.-.9  -59 
03-05 
43-03 
35-91 
19-46 
53-53 

41-  73 

13-  47 

14-  84 

02-  52 

42-  77 


2-25 


13  20  20  20 


30  4S-31 

43  00-35 

44  01-61 
50  25-33 
57  07  14 

2-28* 14  04  21-69 
06  19  17 
11  34-78 
13  00-83 
22  10-19 
25  32  02 

27  58-72 

28  29  06 
30  47-39 

35  31  17 

36  52-59 
39  29-65 
41  05-12 

45  36-57 


Clamp  East. 

For  polar  deviation  and  adopted  AT+m  the  unmarked  values  are  for  observations  by  N,  those 

marked  *  for  observations  by  S. 
1-28.    Adopted  Ar+m=2-146+-0036  (T-15h  10"). 

29-49.    Adopted  AT+m  for  observations  by  N  =2-253  +  0036   (T-15b  10°);  for  observations 

by  S=2-282+-0036  (T-15"  45°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Object 

a* 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


-  — 

33  O 
■-  ~ 


=  1 
CO 


8? 


App.  R.A. 
from 
Obser- 
vation 


1910 
June  13 


h.  m.  s. 


£  Bootis  

B.J.  549  

B.J.  551  

B.J.  555  

B.J.  557  

Groom.  2283 

B.J.  563  

v  Cor.  Bor.. . 

B.J.  568  

B.J.  571  

B.J.  572  

B.J.  573  

f-  Bootis .... 

B.J.  576  

B.J.  578  

B.J.  580  

s"Cor.  Bor....? 
t  Serpent  is. . 

B.J.  581  

B.J.  583  

B.J.  584..... 
X  Hereulis .  . 

B.J.  591  

B.J.  593  

B.J.  595..... 
r  Hereulis. . . 

B.J.  598  

k  Hereulis .. . 
t  Cor.  Bor . . 
Groom.  750. 
<r2  Cor.  Bor. 

B.J.  608  

J  Cor.  Bor . . 
23  Hereulis . 
B.J.  613..... 
g  Hereulis. . 
B.J.  621..... 
i"  Hereulis . . 

B.J.  626  

B.J.  627  

B.J.  629..... 
53  Hereulis.. 
e  Urs.  Min . . 


L.C. 


June  15  44  a  Urs.  Min  L.C 


45  B.J.  502 

46  B.J.  507 

47  B.J.  509 

48  B.J.  513 

49  B.J.  526  


S 
N 


s 

N 

u 

s 

N 

u 

s 

N 


14  47 

49 
51 
58 

15  00 
06 
11 
19 
21 
22 
24 
27 
28 
29 
30 
34 
35 
37 
38 
42 
44 
49 
52 
53 
55 
57 

16  00 
04 
05 
07 
11 
17 
18 
19 
21 
25 
31 
37 
39 
43 
47 
49 
55 


28 
85 
49 
62 
:,7 
31 
69 
45 
69 
26 
38 
is 
99 
23 
95 
98 
63 
65 
06 
33 
59 
19 
11 
96 
90 
04 

87 
12 
IS 
93 
92 
53 
si 
46 
06 
54 
46 
02 
05 
09 
56 
60 


13  26  33-25 
30  45-39 

42  57-74 

43  58-56 
50  22-64 

14  11  32-11 


■002 
(-503) 
(-464)* 


•02S 
(•431) 


13 
ii" 
57 
33 
34 
23 
52 
28 
105 
55 
IMi 
41 
33 
17 
52 
35 
59 
31 
57 
01 
40 
33 
17 
51 
39 
11 
12 
00 
40 
42 
is 
02 
35 
28 
15 
40 
11 
53 
48 
35 
58 
32 
-16 

12 
45 
51 
59 
22 
32 


2-29 
2-26 
2-23 
2-91 
2-28 


2-28 


2-25 
2-20 

2-33 
2-22 
2-31 


46  ... 
71  11-90 
61 159-90 

05  35-31 
S3  37-06 
43  26-34 
03  54-31 
75! 

08107-36 
99  58-34 
66  08-91 
62|43-82l 

43!  

55  H'-ss 
21  54-43 
41  37-72 

01  

83  

3159-611  2-30 
46  03-74  2-28 
76  43-05  2-29 

66  

2519-49  2-24 
2253-5l|  2-29 

52  41-801  

21  1  

7014-91  

27  I 
56.'.'.'.\ \.'.'.'.'.'.'. 
55  45-21 
26  

06  04-3S 
111  


s.     h.  m.  s 

2-25  14  47  15 
49  11 
51  59 

2-28*1  58  35 
15  00  37 


2-26 


2-66 


11  54 
19  31 

21  07 

22  58 
24  OS 
27  43 

•    28  35 

29  19 

30  54 
34  37 

36  01 

37  34 

38  59 
42  03 
44  43 
49  35 

52  19 

53  53 
55  41 
57  13 

16  00  14 

04  02 

05  42 


2-32 
2-34 


18  17-50 

99  

93  14-27 

33  1  1 

46  50-72     2-26  _ 

76  38  08   | 

69'00-81  2-12 

91  

30  18-85  2-55- 

1 

14  16-22  4-OS 

79  48-23  2-44 

93  00-42  2-49 
OS  01 -56 

S4  25-31  2-4' 

32  34-77  2-45 


2-29* 
2-26 


11  20 
17  04 

IS  37 
19  31 
21  17 
25  43 
31  14 
37  55 
39  50 
43  3S 
4S  00 
49  35 


2-48   

13  30  48 

43  00 

44  01 
49       50  25 

14  11  34 


71 
96 
86 
33 
08 


28 
00 
36 
27 
91 
87 
68 
S3 
46 
69 
26 
OS 
56 
71 
02 
94 
51 
48 
SO 
47 
96 
53 
82 

52 
32 
37 
07 
44 
25 
21 
59 
72 
05 
95 
17 


27 
41 

56 
33 
si 


Clamp  East. 

1—43.    For  polar  deviation  and  adopted  ±T+m  the  unmarked  values  are  for  observations  bj-  N, 

those  marked  *  for  observations  by  S. 
1-43.    Adopted  AT+m  for  observations  by  N  =2 -253 4-  0036  (T-1511  10™);  for  observations  by 

S=2-282+-0036  (T-15h  45°). 
44  -  49.    Adopted  Ar+m=2-490+-0036  (T-15h  10°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 

1 


(  iHJKl'T 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


00 

I—  *j 

°  8 

S>0 


E 
<  c 


e  5 

a 

g-f-- 


App.  R.A. 
from 
Obser- 
vation 


1910 
June  15 


June  18 


B.J.  531  

B.J.  534  

B.J.  535  

B.J.  540..  .. 

B.J.  543  

34  Bootis . . . 

«  Bootis  

$  Bootis  

B.J.  549  

,B.J.  551  

B.J.  557  

B.J.  563  

I  Cor.  Bor. . 

B.J.  572  

B.J.  573  

v-  Bootis. . . . 

B.J.  578  

fCor.  Bor.  . 
i  Serpentis . . 

B.J.  581  

B.J.  583  

B.J.  584  

B.J.  591.... 
B.J.  593..... 
r  Herculis. . . 

B.J.  598  

k  Herculis . . 
t  Cor.  Bor.. 
V2Cor.  Bor.. 

B.J.  608  

\i  Cor.  Bor... 

B.J.  613  

B.J.  614..... 
g  Herculis. . . 
{"  Herculis.  . 

B.J.  626  

B.J.  629  

53  Herculis.. 
e  Urs.  Min. . . 


a  Urs.  Miu 
25  Can.  Ven. .. 

B.J.  507  

B.J.  509  

B.J.  513  

B.J.  517  

9  H.  Bootis. . . 

B.J.  522  

B.J.  526  

B.J.  528  


L.C. 


N 


14  22 
27 
28 
35 
36 
39 
41 
47 
49 
51 

15  00 
11 
19 
24 
27 
28 
30 
35 
37 
38 
42 
44 
52 
53 
57 

16  00 
03 
05 
11 
17 
18 
21 
22 
25 
37 
39 
47 
49 
55 


13  26  32 
33  26 

42  57 

43  58 
50  22 
57  04 

14  04  18 
06  16 

11  31 

12  57 


•028 
(•431) 


-020 
(•373) 
(•350)* 


B.  I 

651011  . 
23  58-73 
5229-04 
7031-22 
08  52-56 
18  . 
54 
19 
;;o 
35 


11-86  . 

59-89 
58  37  05 
SO  54-30 

481  

3S0S-90 
24  43-81 

15  

97  54-43 

73  

52  

II). V.I. (10 
24  03-74 
49  43  05 
99  19-49, 
99  53-51 

90  |. 

33  14-89  . 

09  

30  


9104-3S 

90  

03  17-51 
2129-83 

80  

10  

26  50-73 

40  00-82 

74  

05  18-79 

55  19-36 

52!  

66  00.40 
77  01-51 
53  25-29 
35  07- 11 
85  , 

41  19- 15 
99  34-75 
94  00-73 


2-50 
2-52 
2-52 
2- is 


2-54 
2-47 
2-50 


2-52 
2-57 


2-46 


2-50 
2-50 
2-56 
2-50 
2-52 


2-48 


2-47 
2-42 


2-  74 

3-  81 


2.74 


2-76 
2-76 


2-74 
2-76 


2-49 


2-50 


h.  m. 

s. 

14  22 

10 

14 

27 

58 

72 

28 

29 

01 

35 

31 

19 

36 

52 

57 

39 

29 

07 

41 

05 

03 

47 

15 

68 

49 

11 

85 

51 

59 

84 

15  00 

37 

07 

11 

54 

29 

19 

30 

97 

24 

08 

87 

27 

43 

73 

28 

35 

64 

30 

54 

46 

36 

(11 

22 

37 

34 

01 

38 

59 

59 

42 

03 

73 

44 

42 

98 

52 

19 

48 

53 

53 

48 

57 

13 

39 

16  00 

14 

82 

04 

02 

58 

05 

42 

79 

11 

20 

48 

17 

04 

40 

18 

37 

39 

21 

17 

52 

22 

29 

70 

25 

43 

29 

37 

55 

60 

39 

50 

76 

48 

00 

90 

49 

35 

24 

2-73 


2-74 


13  33  29-25 

43  00-39 

44  01-50 
50  25-27 
57  07  09 

2-77*  14  04  21-62 
06  19-15 
11  34-73 
13  00-71 


From  June  15  Clamp  East;  from  June  IS  Clamp  West. 
1-39.    Adopted  A7"-r-m=2-490+-0036  (T-15h  10"). 

40  —  49.    For  polar  deviation  and  adopted  AT+m  the  unmarked  values  are  for  observations  by  N, 

those  marked  *  for  observations  by  S. 
40  -  49.    Adopted  AT+m  for  observations  by  N  =2-740+ -0037  (T-15h  10°);  for  observations  by 

S=2-772+-0037  (T-15b  45°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


a  . 


Object 


Notes 


Time  of 
Observed 
Transit. 


Coll. 


(Polar 
Dev.) 


ho 


-5 


2-E-- 


App.  R.A. 
from 
Obser- 
vation 


June  18|  1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


h.  m. 


B.J.  531  

g  Bootis  

B.J.  534  

B.J.  535  

cr  Bootis  

B.J.  540  

B.J.  543  

34  Bootis  

e  Bootis  

295  B.  Bootis. 

£  Bootis  

B.J.  549  

B.J.  551  

B.J.  555  

B.J.  557  

Groom.  22S3.  . 

B.J.  563  

v  Cor.  Bor .... 

B.J.  568  

B.J.  571  

B.J.  572  

B.J.  573  

Bootis  

B.J.  576  

B.J.  578  

B.J.  580  

i  Cor.  Bor. . . . 
i  Serpentis .... 

B.J.  581  

B.J.  583  

B.J.  5S4.  

X  Herculis. .  . 

B.J.  591  

B.J.  593  

B.J.  595.  

r  Herculis  .... 

B.J.  598  

t  Herculis .. . . 

r  Cor.  Bor  

Groom.  750.  . .  L.C. 
ff2Cor.  Bor. .. . 

B.J.  60S  

i  Cor.  Bor.. . . 
23  Herculis... . 
g  Herculis  .... 

B.J.  621  

42  Herculis  

<7  Herculis  

B.J.  626  

B.J.  627  


N 

14  22  06 

90 

o 

25  28 

s7 

N 

27  55 

77 

u 

28  26 

H7 

is 

30  44 

34 

TVT 
JN 

35  2S 

1 1 

u 

36  49 

72 

39  26 

7s 

41  02 

1(1 

a 

45  33 

47 

N 

47  12 

SI  1 

49  OS 

4s 

u 

51  56 

99 

S 

58  32 

19 

N ' 

15  00  34 

09 

S 

06  13 

12 

N 

11  51 

37 

19  2S 

09 

S 

21  04 

26 

22  55 

00 

N 

24  05 

94 

27  40 

7ii 

2S  32 

'►I 

S 

29  16 

st; 

N 

30  51 

51 

S 

34  34 

57 

N 

35  58 

30 

» 

37  31 

19 

a 

38  56 

64 

Cf 

42  00 

91 

tt 

44  40 

17 

~s 

49  32 

80 

N 

52  16 

(is 

tt 

53  50 

52 

s 

55  38 

56 

N 

57  10 

51 

tt 

16  00  11 

41 

U 

03  59 

64 

tt 

05  39 

80 

s 

07  46 

83 

N 

11  17 

48 

a 

17  01 

28 

a 

18  34 

44 

s 

19  28 

17 

N 

25  40 

22 

S 

31  11 

11 

tt 

36  17 

46 

N 

37  52 

62 

tt 

39  47 

f,s 

S 

43  34  81 

S.  f 

-  020  07 

(•373)  29 
(•350)*  55 
26 
|44 
28 
49 
26 
02 
33 
12 
09 
157 
32 
34 
21 
51 
j28 
|04 
55 
06 
41 
32 
17 
51 
34 
58 
31 
56 
01 
40 
33 
it; 
50 
38 
L0 
12 
59 
in 
42 
17 
111 
34 
IN 
10 
11 
17 
52 
47 
35 


h.  m.  s. 


35  10 -05 

22  

97  58-71 
35  29  01 

55  

48  31 -IS 
80  52-54 

96  

28  

76  

92  

09  11-80 
08  59-SS 

50  35-27 

27  37  03 

08  24-61 
60  54-2S 

29!  

54  07-33 

51  5S-26 
13  08-89 
06  43-79 
95  

09  19-86 

69  54-42 
ss  37 
56  .. 
31  .. 
82  59-60 
00  03-74 

28  43  05 
13 
78,19-49 

70  53-51 
41-76 

62 
0014-86 
75 
06 
67 
71 
65  04-37 
64 
40 
54 
44 
80 
83 
96  50-73 
27,38-06 


2-74 
2-77' 


45-91 


14-27 


2-74 
2-66 


2-70 
2-74 


2-80 
2-77 

2-  76 

3-  53 
2-68 


2-79 


2-76 
2-73 


2-77 
2-73 
2-81 


2-78 
2-74 
2-77 


2-71 
2-81 


3-24 


2-83 


2-77 


14  22 

25 
27 
28 
30 
35 
36 
39 
41 
45 
47 
49 
51 
58 

15  00 


10- 

31- 
58- 
29- 
47- 
31- 
52- 
29- 
05- 
36- 
lo- 
ll- 
59- 
35- 
37- 


2-78* 
2-75 


11 
19 
21 
22 
24 
27 
28 
29 
30 
34 
36 
37 
38 
42 
44 
49 
52 
53 
55 
57 
16  00 
04 
05 


54- 
31- 
07- 
58- 
08- 
43- 
35- 
19- 
54- 
37- 
01- 
34- 
59- 
03- 
43- 
35- 
19- 
53- 
41- 
13- 
14- 
02- 
42- 


11  20- 

17  04- 

18  37- 

19  31- 
25  43- 
31  I4- 
86 20- 
37  55- 
39  50- 
43  38- 


Clamp  West. 

For  polar  deviation  and  adopted  \T-\-m  the  unmarked  values  are  for  observations  by  N,  those 

marked  *  for  observations  by  S. 
Adopted  AT+m  for  observations  by  N  =2-740+  -0037  (T-15b  10»);  for  observations  by  S=2-772 

+  •0037  (T-15h  45°). 
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3  GEORGE  V..  A.  1113 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continue* 


Date 


Object  Notes 


1910 
June  IS 

June  19 


1  53  Herculis. 

2  f  Urs.  Min.. 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


a  Urs.  Min.  . . 

B.J.  502  

25  Can.  Yen. . 

B.J.  507  

B.J.  509  

B.J.  513  

B.J.  517  

9  H.  Bootis. . 

B.J.  522  

B.J.  526  

B.J.  528  

B.J.  531  

g  Bootis  

B.J.  534  

B.J.  535  

a  Bootis  

B.J.  540  

B.J.  543  

34  Bootis .... 

t  Bootis  

295  B.  Bootis 

£  Bootis  

B.J.  549  

B.J.  551  

B.J.  555  

B.J.  557  

Groom.  2283. 

B.J.  563  

t)  Cor.  Bor. . . 

B.J.  56S  

B.J.  571  

B.J.  572...... 

B.J.  573  

Bootis  

B.J.  576  

B.J.  578  

B.J.  580  

fCor.  Bor.... 
■  Serpentis  .  . 

B.J.  581  

B.J.  583  

B.J.  584  

x  Herculis. . . 

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis 


L.C. 


N 


N 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


°3!3 
<  C 

Li 


«1 


h.  m.  s. 


16  49 

55 

13  26 
30 
33 
42 
43 
50 
57 

14  04 
06 
11 
12 
22 
25 
27 
28 
30 
35 
36 
39 
41 
45 
47 
49 
51 
58 

15  00 
06 
11 
19 
21 
22 
24 
27 
2S 
29 
30 
34 
35 
37 
38 
42 
44 
49 
52 
53 
55 
57 


32-  32  - 
13  13 

33-  81  - 
45  07 
26  OS 
.57  :js 

,5s  -24 
22-30 

04  03 
18-51 
16- 10 

31-  74 
57-51 
06-7S 
2S-84 

55-  63 

25-  85 
44-32 
27-94 

49-  59 

26-  60 
02  02 
33-43 
12-72 
08-  12 

56-  94 

32-  13 
34  00 
12-26 
51-19 

27-  92 
04-30 
54-95 

05  S3 
40-59 
32-48 
16-S5 
51-42 
34  -50 
.5* -OS 
31  02 
56-57 
00- 7S 
40  07 
32-77 
16-57 

50-  50 
38-49 
Hi-  1 — 


—  020 

(•373) 


-  023  16 
(-362)  45 
(-374)*  26 
.57 

!58 

5 
is 
16 

31 

Ol 

07 
29 
55 
26 
44 
2S 
49 
20 
02 
33 
12 

IK 

57 
32 
34 
20 
51 
28 
HI 
55 
II.-', 
40 
32 
17 
51 
Ml 
58 
31 
56 
mi 
in 
33 
16 
50 
3S 
10 


53  

Ml  IS- GO 


90  20-49 
35  4S1S 
35 

51  00-39 
60  01-49  . 


43  25-28 
23  07  10 
85  .. 
28  19- 14 
88  34-74 
9.5  00  -72  . 
IS  10  03  . 
26.. 
S6  5S-70 
14  29-00 
52  .. 
3031  17 
69  52-54 
79  .. 
22 


59  

86  .. 
95  11-77 
04  59-88 

42  35-26 
20  37-03 
95  24 -IS 

43  54-28 
14  . . 

56  07-33 
54  58-24 
04  0SS9 
90  43-79 


06  19  S6 
61  54-42 
79  37-69 

i: :: : 

76  59-60 
89  03-74 
20  43-05 

08  

6S  19-49 
69  53-51 
99  41-75  . 
61  


2-86 


§-+ 
<1 


59 
83 


88 

85 
s7 


86 
86 


84 

Ml 


S7 

v5 


84 
S4 
83 
23 
85 


85 
y.i 


so 

SI 
90 


S4 
85 
s;, 


81 

S2 


8. 

2-75 


2-84 


2-79' 


2 -SO' 
2-84 


App.  RA. 
from 
Obser- 
vation 


h.  m.  s. 
16  49  35-28 


2-85 
2-SO* 


13  30 
33 
43 
44 
50 
57 

14  04 
06 
11 
13 
22 
25 
27 
28 
30 
35 
36 
39 
■11 
45 
47 
49 
51 
58 

15  00 


48- 19 
29- 19 

00-  35 

01-  44 
2.5-27 
07  07 
21-64 
19-12 

34-  72 
00-74 
1002 
32  05 
•5s  -  70 
2s  -9S 
47-31 
31  14 
52-53 
29-63 
05-08 
36-38 
1.5-70 
11-79 
59-88 

35-  22 
37  04 


11  54-27 
19  30-98 

21  07-36 

22  58-34 
24  08-88 

27  43-74 

28  35-64 

29  19-86 

30  54-45 
34  37-59 

36  01  19 

37  34  00 

38  59-60 
42  03-73 
44  43  05 
49  35-88 

52  19-53 

53  53-54 
55  41-79 
57  13-46 


Clamp  West. 

1,  2.    Adopted  .\r+ro=2-740  +  0037  (T-15h  10">). 

3 — jg.    for  polar  deviation  and  adopted  Af+ra  the  unmarked  values  are  for  observations  by  S, 

those  marked  *  for  observations  bv  N. 
3 — 19.    Adopted  AT+m  for  observations  bv  S  =2-8434-  0037  (T-15h  10");  for  observations  by 

N=2-79S+-0037  (T-15h  45"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Pi 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


C  & 

so 


<i  c 
#  2 


a  S 

°  ■ 
—  _i_ 


App.  R.A. 
from 
Obser- 
vation 


BIO 
June  19 


h.  m.  s 


June  25 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  598.  

k  Herculis  

t  Cor.  Bor  .... 
Groom.  750. .  . 
<r-  Cor.  Bor. . .  . 

B.J.  60S  

£Cor.  Bor  

23  Herculis .  . . 

B.J.  613  

B.J.  614  

g  Herculis  .... 

B.J.  621  

42  Herculis  

i  Herculis  

B.J.  626  

B.J.  627  

B.J.  629..  

53  Herculis .  .  . 
f  I'rs.  Min  


L.C. 


B.J.  531  

5  Urs.  Min .... 

a  Bootis  

B.D.  S0-44S... 
295  B.  Bootis.. 

B.J.  550  

Groom.  21S4.  . 
Groom.  22S3.  . 

B.J.  563  

11  Urs.  Min... 

B.J.  569  

B.J.  571  

B.J.  573  

v2  Bootis  

B.J.  576  

9  Urs.  Min.  ... 

B.J.  590.  

X  Herculis. . . . 

B.J.  595  ~  

B.J.  598  

Groom.  750. .  . 

B.J.  606  

Groom.  2337. . 

B.J.  612  

B.J.  614.  

g  Herculis 
Groom.  2372.. 
B.D.  72-734.. . 

B.J.  623  

B.J.  626  


L.C.rn 


N 


16  00 
03 
05 
07 
11 
17 
18 
19 
21 
22 
25 
31 
36 
37. 
39 
43 
47 
49 
55 

14  22 
27 
30 
36 
45 
50 
55 

15  06 
11 
17 
20 
22 
27 
28 
29 
34 
47 
49 
55 

16  00 
07 
13 
16 
20 
22 
25 
30 
32 
34 
39 


-023 
(•362) 
(•374)* 


-■020 
(•417) 


14-85 


46-10 


96 
77 
96 
05 
64 
53  04-37 
52 
43 
7017-52 
89  29-81 
45 
IS  14-27 
91 
79 


50-73 
32  38-06 
97  00-81 
41 
6418-59 


9-91 


ill 

39 
-'.  I 
in 
47 
39 
86 
51  21-56 
33  54-23 
43 
64 
09  58-11 
74  43-73 
65 
8519-82 
26 
50 
S9 
75 
•  U 
57 
49 

(19 

45 
S2 
31 
49 
93 
81 
77 


41-66 
14-74 
47-29 


29-74 


305 


2-85 
2-80* 


h.  m.  s 

16  00  14 

04  02 

05  42 


2-82 


2-79 


2-85 
2-87 
2-95 


3  05 
2-90 


2-99 


2-97 


2-72 


50-72,  2-95 


11  20 
17  04 
IS  37 
19  31 

21  17 

22  29 
25  43 
31  14 

36  20 

37  55 
39  50 
43  38 

48  00 

49  35 


2-96 


14  22  09 
27  46 
30  47 
36  11 
45  36 
51  01 
55  14 


2-97 


15  11  54 
17  13 
20  55 
22  5S 

27  43 

28  35 

29  19 
34  09 
47  20 
49  35 
55  41 

16  00  14 


13  27 
16  06 
20  12 
22  29 
25  43 
30  49 
32  54 
34  35 
39  50 


Clamp  West. 

1—19.    For  polar  deviation  and  adopted  AT+m  the  unmarked  values  are  for  observations  by  S, 

those  marked  *  for  observations  by  N. 
1—19.    Adopted  AT+m  for  observations  by  S  =2-843+ -0037  (T-15b  10");  for  observations  bv 

N=2-798+-0037  (T-15h  45"). 
20—49.    Adopted  AT+m  =2-966+  -0039  (T-161'  10m). 
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3  GEORGE  V.,  A.  191, 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


o 
a 

u  O 

s 


Object 


Notes 


1 

2 
3 
4 
5 
6 
7 
8 
9 
1(1 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.D.  79-511.. 
Groom.  2391. 

f  Urs.  Min  Irn 

Groom.  2411 . . 
Groom.  2427. . 

B.J.  643.  |r 

e  Herculis.. . . 
w  Herculis... 
P  Herculis.. . . 

B.J.  650  

Groom.  2456. 

B.J.  653  

B.J.  655  

Groom.  944 . . 
B.J.  663  


g  Bootis  

5  Urs.  Min .... 

a  Bootis  

B.D.  80-448... 
295  B.  Bootis.. 

B.J.  549  

B.J.  550  

Groom.  2184 . . 

B.J.  555  

Groom.  2283. . 

B.J.  563  

11  Urs.  Min... 

B.J.  569  

B.J.  571  

BJ.  573  

B.J.  576  

0  Urs.  Min  

B.J.  590  

X  Herculis. . . . 

B.J.  595  

B.J.  598  

Groom.  750. . . 

B.J.  606  

Groom.  2337.. 

B.J.  614  

g  Herculis  

Groom.  2372. . 
B.D.  72-734.  . . 

B.J.  626  

B.D.  79-511... 

eUrs.  Min  

Groom.  2411. . 
Groom.  2427. . 
B.J.  643  


L.C.,rn 


L.C.,nr 
r 


Time  of 
Observed 
Transit 


h.  m.  s. 


16  43 

59 

97 

47 

06 

75 

55 

12 

33 

58 

03 

91 

17  04 

30 

05 

11 

53 

48 

14 

32 

86 

17 

16 

32 

20 

33 

51 

24 

20 

03 

26 

27 

34 

28 

22 

97 

30 

23 

25 

32 

50 

65 

36 

54 

27 

14  25 

27 

90 

27 

40 

71 

30 

43 

64 

36 

04 

67 

45 

32 

64 

49 

07 

HI 

50 

56 

07 

55 

IIS 

76 

58 

31 

35 

15  06 

04 

52 

11 

50 

54 

17 

IIS 

U 

20 

50 

51 

22 

53 

83 

27 

39 

S6 

29 

16 

13 

34 

03 

40 

47 

1  1 

66 

49 

32 

01 

55 

37 

49 

16  00 

10 

50 

07 

50 

1- 

13 

21 

82 

16 

00 

79 

22 

25 

61 

25 

39 

54 

30 

43 

02 

32 

49 

M 

39 

46 

94 

42 

5S 

'.li- 

55 

10 

es 

58 

02 

lis 

17  04 

29 

08 

11 

53 

13 

Coll. 


(Polar 

Dev.) 


-•020 
(■417) 


■038 
(•510) 


e-3 

7-.  - 


id 


<  c 


|  5 

5+ 
a** 

Q. 

<  1 


18-14 


s. 

02-23 
08-52 

15-  35 
05-20 
31-53 
53-74 
33  19 

16-  60 
33-S4 
20-44 
29-60 
23-45  26-42 


23-78 
46-18 
54-71 


56-83 


23-46 


26  S5 
49-05 
57-73 


11-55 


35-15 
20-46 
.54-21 


;,s  ir, 
43-71 
19-80 


28-54 
42-80 
44  01 

07-  60 
33  12 

08-  30 
57-94 
11-31 

31-  88 
17-23 

50-  96 
10  05 

52-  12 
54-72 
in:;'.i 

16-  53 
05-77 

17-  10 

32-  57 
38-33  41-61 
11-37  14-69 

44-  37  47-81 
24  10 
02-55 
26-3S  29-71 
40  03 

45-  96 

51-  49 
47-44  50-71 
01-33 
14-55  17-93 
04-41 
31-08 

53-  59  56-83 


2-79 


3-09 


2-87 


3-27 
3-23 
3-25 


3-32 
3-27 


3-44 


3-27 
'3-38 


3-24 


1  S 

9  L 

<  -i 


8. 

2-97 


3-25 


App.  R.i. 
from 
Obser- 
vation 


h.  m.  s. 

16  44  05  20 
47  1149 


3-26 


58  08-17 
17  04  34-50 
11  56-71 
14  36  16 
17  19-57 
20  36  SI 
24  23-41 
26  32-57 
28  26-42 
30  26-75 


36  57-68 

14  25  31-79 
27  46  05 
30  47-26 
36  10-85 
45  36-37 
49  11-55 
51  01  19 
55  14-56 
58  35- 13 

15  ii  54-21 
17  13-30 
20  55-37 
22  57-97 
27  43-64 
29  19-78 
34  09  02 
47  20-35 
49  35-82 
55  41-58 

16  00  14-62 


13  27-35 
16  05  SO 
22  29-63 
25  43-28 
30  49-21 
32  54-74 
39  50-70 
43  04-59 


58  07-67 
17  04  34-34 
11  56-85 


From  June  25  Clamp  West;  from  June  2S  Clamp  East. 
1—15.   Adopted  AT+m  =2-966+  -0039  (T-16h  10"). 
16—19.    Adopted  A7"+m=3-253+-0039  (T-16h  O^). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN"  CIRCLE— Continued 


c 


Object 


Notes  £ 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


0  8 


_  =3 
<  H 

-5 


3« 


App.  R.A. 
from 
Obser^ 
vation 


1 

2 
3 
4 
-5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
-J 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4ii 
41 
42 
43 
44 
45 
46 
47 
48 
49 


e  Herculis.  .  . 

w  Herculis  

P  Herculis. ... 

B.J.  650  

Groom.  2456. 

B.J.  653  

B.J.  655  

B.J.  663  


B.J.  549  

B.J.  550  

Groom.  2184. 

B.J.  555  

Groom.  22S3. 

B.J.  563  

11  Urs.  Min.. 
v  Cor.  Bor. .  . 

B.J.  569  

B.J.  571  

B.J.  573  

•■-Boot  is  

B.J.  576  

6  Urs.  Min . . . 

B.J.  590  

X  Herculis. . . 

B.J.  595  

B.J.  598  

Groom.  750.  . 

B.J.  606  

Groom.  2337 . 
t  Cor.  Bor.... 

B.J.  612  

B.J.  614  

g  Herculis. .  . 
.Groom.  2372. 
IB.D.  72-734.. 

B.J.  626  

B.D.  79-511.. 
[Groom.  2391 . 
53  Herculis.. . 
e  Urs.  Min .. . . 
Groom.  2411. 
Groom.  2427. 

B.J.  643  

e  Herculis  . . . 
■w  Herculis.. . 
\P  Herculis. .  . 

B.J.  650  

jGroom.  2456. 
B.J.  653  


L.C. 


h.  m.  s 

17  14  32 
17  15 
20  33 
24  19 
26  26 
28  22 
30  22 
36  53 


14  49 
50 
55 
58 

15  06 
11 
17 
19 
20 
22 
27 
28 
29 
34 
47 
49 
55 

16  00 
07 
13 
16 
18 
20 
22 
25 
30 
32 
39 
42 
47 
49 
55 
58 

17  04 
11 
14 
17 
20 
24 
26 
28 


07 


s. 


■39 

•038 

32- 

•86 

(-5101 

16- 

•00 

33- 

•4S 

20- 

■19 

29- 

•57 

23- 

■73 

23- 

•81 

54- 

•21 

•035 

08- 

•80 

( -546) 

57- 

■29 

ll- 

•23 

31- 

•07 

16- 

■42 

50- 

■98 

09- 

•16 

27- 

•25 

51- 

•66 

54- 

•78 

40- 

•71 

32- 

•04 

16- 

■19 

05- 

•41 

17- 

•97 

32- 

•43 

38- 

•32 

11- 

•S5 

44- 

■83 

24- 

•55 

02- 

■60 

34- 

•49 

OS- 

•42 

26- 

•30 

39- 

■88 

45- 

•62 

51- 

•79 

47- 

•66 

01- 

•39 

07- 

•44 

31- 

•36 

14- 

•62 

04- 

•75 

30- 

•04 

53- 

•29 

32- 

•73 

16- 

•91 

33- 

•33 

20- 

•82 

29- 

-24 

22- 

23-46 


M 
27 
4' 
08 

191  

26  26-42 
4!'_>li-s4 

44  57-74 

17  11-52 

79  

00  

78  35-14 
57  20-08 
S6  54-20 

68  

55  

97  

61,58-02 
34  43-70 

21  1 

4519-79 

71  

01  

49  

24  41-60 
2514-67 
67  48-00 
06 
43 
00 


h. 


29-70 


88 
32 
88 
75 

40|  

3150-71 

75  

91  

85  

53  17 -S7 
46  


47  56-83 

78  

15  

40  

03  23-46 

01  

9S  26-42 


3-36 
3-51 
3-34 


3-36 


3-34 


3-33 


3-40 


3-34 


3-36 


3-26 


3-34 


3-35 


Clamp  East.  1— S.    Adopted  Ar+m=3-253+ -0039  (T-16h  05") 
9-49.     Adopted  AT+m  =3-343  +  0039  (T-16h  OS"). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 
TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


Obj  ect 


Notes 


Coll.  -j. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


1910 

June  29    1  B.J.  655. 

2  Groom.  944. 

I   3  B.J.  663  


July 


4  4 

5 
6 

8 
9 
111 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


L.C.,rn 


July  5 


X  Herculis .  . 

B.J.  591  

B.J.  593  

B.J.  595  

r  Herculis.  . 
B.J.  598..... 
k  Herculis .  . 
Groom.  750.  ..  L.C.nr 
a-  Cor.  Bor.  .  . 

B.J.  60S  

iCor.  Bor  

23  Herculis. . . 

B.J.  613  

B.J.  614.  

g  Herculis. .  . . 

B.J.  621.  

f  Herculis  

B.J.  626  

B.J.  627  

B.J.  629..  

53  Herculis.. . . 

t  I  rs.  Miu  nr 

d  Herculis. .  . .  | 

B.J.  635  

B.J.  640  

B.J.  643..... 
u  Herculis.. . . 
w  Herculis . . 
P  Herculis.  . 
B.J.  650..... 
X  Herculis. . . 

B.J.  653  1 

iGroom.  944. .  .|L.C.,nr 

B.J.  663  

B.J.  667..  

S7  Herculis.. . . 
z  Herculis. .  . . 
!168  H.  Here... 
89  Herculis..  . . 

B.J.  672  

B.J.  676  

5  Urs.  Min. ..  . 


46  B.J.  551 . 

47  B.J.  555. 
4S  B.J.  557. 


b.  ni. 

17  30  22 

32  52 
36  53 


8. 


15  49 
52 
53 
55 
57 

16  00 
03 
07 
11 
16 
18 
19 
21 
22 
25 
31 
37 
39 
43 
47 
49 
55 
58 

17  01 
10 
11 
13 
17 
20 
24 
27 
28 
32 
36 
42 
45 
47 
49 
51 
53 
54 

IS  01 


14  51  55 
5S  30 

15  00  32 


55 
28 
78 

48 
56 
44 
01 
49 

Mi 

67 
27 
27 
SS 
23 
95 
65 
01 
98 

NS 
4S 
44 
32 
98 
15 
37 
88 
43 
76 
67 
Oil 
45 
57 
09 
06 
94 
52 
4(1 
16 
25 
06 
90 
36 
92 
96 
83 

91 

S3 
88 


•035 
(•546) 


•042 
(•576) 


5  » 


w 


•032 
(•597) 


—  <3 
-X 

—  = 


8. 

37  26-84 
04  49-45 
:;7  57-74 


=  S 

a 

S  + 


ii  

79  19-45 
si  53-43 
s7  U-50 


to\  

85  14-56 

92  

36  49- IS 

74  

52  04-23 

66  

40  

85  17-51 
N<>  29  -61 

59  

51  14-17 

92  

00  50-67 
25  37-89 
20  00-85 

59  

81  17-38 

35  

62  14-17 
97  34-53 
HI  56-81 

46  

90  

10  

7S23-43 

4l|  

7:i  Jti-^s 
85150-18 
03  57-72 
58-16 

60 


to 
47 
71 
45  12-12 
73  33-42 
08j35-78i 

1259-77 
42  35-05 
25  36-90 


—  = 

k 


App.  R.A. 
from 
Obser- 
\ation 


3-41 


h.  m. 


3-35  17  30  26-72 


36  57  72 


3-66 
3-62 


3-S2 


3-66 


3-62  15  49  35-78 

52  19-41 

53  53-43 
i     55  41-49 

57  13-37 

16  00  14-47 

04  02-54 


3-66 


3-67 


3-65 


3-57 


3-55 
3-56 
3-62 


3-33 


3-61 


3-67 


3-70 

3-65 
3-63 
3-65 


3-63 


11  20  36 
17  04  14 
IS  37-28 
19  31-08 

21  17-47 

22  29-51 
25  43-21 
31  14-13 
37  55-54 
39  .50  62 
43  37-87 
4S  00-82 
49  35-21 


58  18-9S 
17  01  14-25 

10  34-60 

11  56-82 
14  02  -0!» 
17  19-63 
20  36-73 
24  23-41 

27  08  04 

28  26-36 


36  57-66 
42  58  18 
45  12-23 
47  44-3S 
49  1110 
51  49-34 

53  12  08 

54  33-36 


3-65  14  51  59-77 
58  35-07 
3-66  15  00  36-91 


Clamp  East. 


1—3.    Adopted  AT+m  =3-343  +  0039  (T-16h  05"). 
4—45.    Adopted  AT+m  =3-625  +  0040  (T-16h  50°). 
46—18.    Adopted  Ar+m  =  3-661+-0040  (T-16h  30°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date   5  . 

g  o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


~  a 

—  E- 

°  8 
so 


<  q 


>-  4- 


<< 


1910 


B.J. 
B.J. 
B.J. 


Groom.  22S3.  . 

B.J.  563  

i)  Cor.  Bor  . . . 

B.J.  568  

571  

572  

573  

Bootis  

B.J.  578  

B.J.  5S0  

f  Cor.  Bor 
tSerpentis... . 

B.J.  581  

B.J„  583  

B.J.  584  

X  Herculis  

B.J.  591  

B.J.  593  

B.J.  595.  

r  Herculis  

BJ.  598.  

((Herculis. .. . 
Groom.  750.  . 
<r-  Cor.  Bor.. 

B.J.  60S  

I  Cor.  Bor... 
23  Herculis... 

B.J.  613  

B.J.  614.  

g  Herculis  .. . 

B.J.  621  

42  Herculis.  . 

f  Herculis  

B.J.  626  

B.J.  627  

B.J.  629  

53  Herculis . . . 
c  Urs.  Min  ... . 
d  Herculis  . . . 

B.J.  635  

B.J.  636  

B.J.  640  

B.J.  643.  

u  Herculis  .. . 
w  Herculis  . . . 
P  Herculis  . . . 

B.J.  650.  

X  Herculis  

B.J.  653  

B.J.  656  


L.C.rn 


h.  m. 

15  05 
11 
19 
21 
22 
24 
27 
28 
30 
34 
35 
37 
38 
41 
44 
49 
52 
53 
55 
57 

16  00 
03 
07 
11 
16 
IS 
19 
21 
22 
25 
31 
36 
37 
39 
43 
47 
49 
55 
58 

17  01 
04 
10 
11 
13 
17 
20 
24 
27 
28 
30 


s. 


•032 
(■597) 


17-06 
54-13 


07-  16 
57-87  . 

08-  76 
43-6l! 


54-31 
37-52 


13-57 
50-46 
27-19 
03-49 

54-  12 
05-09 
39-95 

31-  78 

50-  67 
33-83 

57-  46 

30-  30 

55-  85 
00-03 
39-29 

32-  10 

15-  79 
49-79 
37-7 

09-  74 

10-  78 

58-  84 
45-26 

16-  72 
00-53 

33-  59 
27-39 
13-84 
25-82 

:«t-r.i 
10-45 
16-74 

51-  85 

47-  01 

34-  14 
57-19 

31-  54 

13 -52 |17-27 
15-32 
10  -4S 

48-  97 
30  -88 


17-50 
29-59 


14-16 


50-67 
37  -87 

01  IN.", 


14-17 
52-70 
34-53 
53- 12  56-80 
58-37 


15-84 
33-05 
19-65 

04-371  

22-60  26-38 
43-66  47-35 


23-42 


3-49 
3-67 


3-67 


3-67 
3-66 


3-64 
3-69 


59-50 
03  -6s 
42-98 

3-65 
3-65 
3-69 

19-44 
53-43 
41-48 

3-65 
3-64 

14-54 

49-43 

4-17 

04-21 

3-66 


3-71 


3-66 


3-66 


3-75 


3-69 
3-73 
3-65 
3-68 


3-69 


3-66 


Clamp  East. 


1-50.    Adopted  Ar+wi=3-661  +  -0040  (T-16"  30"). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  HIJ 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


1910 
July  5 


July  6 


c  . 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
14 

15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 


Object 


Groom.  944. 

B.J.  663  

B.J.  667  

87  Herculis. 
z  Herculis  . . 
168  H.  Here. 
89  Herculis.. 

B.J.  672  

B.J.  674  

;5Urs.  Min  .. 
B.J.  681  


I  B.J.  555  

B.J.  557  

Groom.  2283 . . 

B.J.  563  

B.J.  568  

B.J.  571  

B.J.  572  

B.J.  573  

v-  Bootis  

B.J.  578  

B.J.  580  

if  Cor.  Bor.... 

tSerpentis  

IB.J.  581  

B.J.  583  

B.J.  584  

X  Herculis. . . . 

|B.J.  591  

IB.J.  593  

B.J.  595....... 

r  Herculis 

B.J.  598.  

«■•  Herculis  . . . . 
t  Cor.  Bor.. . . 
Groom.  750. . . 
<r!  Cor.  Bor.. . 

B.J.  608  

t  Cor.  Bor  

23  Herculis  

B.J.  613  

B.J.  614  

g  Herculis 

B.J.  618  

B.J.  621   

If  Herculis  

B.J.  626  

B.J.  627  

iB.J.  629  


Notes 


L.C.,rn 


L.C. 


N 


Time  of 
Observed 
Transit 


Coll. 


h.  m.  s 

17.32  53 
36  53 
42  .54 
45  08 
47  39 
49  06 
51  45 

53  07 

54  14 
18  01  21 

03  59 


14  5S 

15  00 
05 
11 
21 
22 
24 
27 
28 
30 
34 
35 
37 
38 
41 
44 
49 
52 
53 
55 
57 

16  00 
03 
05 
07 
11 
16 
18 
19 
21 
22 
25 
26 
31 
37 
39 
43 
47 


(Polar 
Dev.) 


~  o 

0  5 
so 


•032 
(•597) 


■03S 
(■623) 


46 

53 
54 

IK 
40 
07 
45 
Os 
14 
31 
■00 

31 
33 
12 
50 
03 
54 
05 
39 
31 
50 
33 
57 
30 
55 
59 
39 
32 
15 
49 
37 

09 
10 
5S 
39 
45 
16 
00 
33 
27 
13 
25 
39 
19 
10 
51 
46 
34 
57 


<  g 

si  o 


84  50-37 
98  57-72 

50  5S10 

51  

66  

44  

65  

43  12-12 
4018-11 

51  35-59 
3003-96 

I 

34  35  03 
20  36-89 
95  16-53 
3S54-12 
45  07- 15 
06  57-84 
OS  OS -75 
SS  43-60 
74  


=  5 


1+ 


App.  R.A. 
from 
Obser- 
vation 


s. 

3-53 


3-66 


3-69 
3-71 
408 
3-66 


3-67 
3-72 


3-69 
3-76 


3-72 
3-75 
3-78 


3-72 
3-78 


6154-30 
75  37-51 

33  

23  

77  59-49 

93  03-68 
20  42-98 

0l!  

71  19-43 
64  53-42 
75  41-46 

61  

70  14-51 

78  

00  ..... 
48  49-70 

65  

41  04-20 

47  

36  

7817-50 
S3  29 -57 

39  

12  22-86 
36  14- 15 
79  

94  50-66 
00  37-85 
09  00-85  3-76 


4-22 


3-72 


3-74 
3-79 


3-72 


s.  h.  m. 
3-67   


3-72 


3-73 


17  36  57-65 
42  5S-17 
45  12-18 
47  44-33 
49  1111 

51  49-32 

53  12-10 

54  IS  07 

-  IS  04  03-97 

14  58  35-06 

15  00  36-92 

li  54-i6 

21  07  17 

22  57-78 
24  0S-80 

27  43-60 

28  35-46 
30  54-33 

34  37-47 

36  01  05 

37  33-95 

35  59-49 
42  03-65 
44  42-92 
49  35  -73 

52  19-43 

53  53  36 

55  41-47 
57  13-33 

16  00  14-43 

04  02-51 

05  42-73 


11  20-38 
17  04-14 
IS  37-20 
19  3109 

21  17-51 

22  29-56 

25  43- 12 

26  22-85 
31  1409 
37  55-52 
39  50-67 
43  37-73 
4S  00-82 


Clamp  East.  1—11.    Adopted  Ar+m  =  3-661  +  -0040  (T-16b  30™). 

12—19.    Adopted  A7H-ro=3-725+-0040  (T-16b  00°>). 
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SESSIONAL  PAPER  No.  25a 

TABLE  in. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date  £ 

.2  2 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


.  o 


<  = 

a 


=  s 

3« 


a+ 


1910 


53  Herculis. 
e  Urs.  Min.. . 
d  Herculis  .. 

B.J.  635  

B.J.  636  

Jll  Urs.  Min. 
v  Cor.  Bor.  . 

B.J.  571  

B.J.  573  

v-  Bodtis  . . . 
B  Urs.  Min... 
'  Serpentis  . . 

B.J.  581  

B.J.  583  

B.J.  584  

B.J.  590  

x  Herculis . . 

B.J.  591  

B.J.  593  

B.J.  595..... 
r  Herculis  . . 

B.J.  598  

Groom.  750. 
a-  Cor.  Bor. 

B.J.  606  

S  Cor.  Bor.  . 

B.J.  612  

B.J.  614  

g  Herculis  . . 
Groom.  2372 
B.D.  72-734. 
B.J.  623..... 
f  Herculis. .. 

B.J.  626  

B.D.  79-511. 
Groom.  2391 
53  Herculis.. 
eUrs.  Min. . . 
Groom.  2411 

B.J.  635  

B.D.  75-612. 
B.J..  640.... 
B.J.  643..... 
e  Herculis  . . 
P  Herculis  . . 

B.J.  650  

Groom.  2456 
Groom.  944. 


L.C. 


N 


N 


L.C. 


h.  m.  s 

16  49  30 
55  OS 
58  14 

17  01  10 
04  4S 


its 

39 


•038  31 
(-623)  13 
15 

•24  10 
•31   48 


15  17 
19 

22 
27 
28 
34 
37 
38 
41 
44 
47 
49 
52 
53 
55 
57 

16  00 
07 
11 
13 
18 
20 
22 
25 
30 
32 
34 
37 
39 
42 
47 
49 
55 
58 

17  01 
03 
10 
11 
14 
20 
24 
26 
32 


s. 


8. 


ti7 
22 
40 
74 
61 
08 
39 
88 
21 
43 
23 
79 
97 
74 
21 
7>i 
00 
SO 
67 
05 
">7 
90 
311 
28 
03 
13 
78 
83 
84 
M 
66 
54 
10 
09 
73 
07 
09 
01 
36 
in 
29 
91 
32 


•037  08 
(-568)  26 
53 
|39 
31 
03 
29 
55 
59 
3S 
1.1 
31 
15 
4;< 

37 
09 
Hi 
46 
16 
22 
32 
07 
25 
38 
44 
50 
30 
51 
46 
59 
of, 

30 
12 
03 
09 
13 

311 

52 
31 
32 
18 
27 
47 


4-23 


4-25 
4-24 
4-28 


4-23 
4-31 


4-79 


42 

14  17-16;  4-02 

26  

41  14-17 
9152-69 


54  

61  

42  57-70 
29  43-52. 

17  

82  

63  

20  59-45 
40  03-64 
66  42-94; 

06  

37  

17  19-40 
07  53-3S 
09  41-36 

02  

01  14-39 
04  50  S3 

11  

47  

96  

29  

2029-47 

851  

15  

08  

52  

23  

35  50-62 

90  

40  

94  

4516-64 

09  

S9  14-16 

37  

27  34-52 

49  56-77 

84  

58  

99  23-38 
37  

50  51-3S 


4-27 


4-19 


4-27 


4-25 
4-28 


4-25 


4-26 


3-58 


16  49  35 

15 

58  18 

99 

17  01  14 

14 

04  52 

64 

15 

17  12 

79 

19  30 

86 

22  57 

67 

27  43 

54 

2S  35 

42 

34  08 

07 

37  33 

^ 

38  59 

45 

42  03 

65 

44  42 

91 

47  19 

31 

49  35 

62 

52  19 

42 

53  53 

32 

55  41 

34 

57  13 

27 

16  00  14 

26 

11  20 

37 

13  26 

73 

18  37 

22 

20  11 

55 

22  29 

46 

25  43 

11 

30  48 

41 

32  54 

34 

34  34 

78 

37  55 

49 

39  50 

61 

43  04 

16 

47  10 

66 

49  35 

20 

58  07 

35 

17 

01  14 

15 

03  17 

63 

10  34 

53 

11  56 

75 

14  36 

10 

20  36 

84 

24  23 

25 

26  31 

63 

ClampEast.  1—5.    Adopted  AT+m  =3-725+  -0040  (T-16h  00™). 

6-48.    Adopted  AT+m  =4-256+  -0041  (T-16h  20°). 
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3  GEORGE  V..  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


=  . 
c  = 

QJ 
PS 


Object 


Notes 


Time  of 
( >l>served 
Transit 


0 


1910 
July  13  1 

3 
4 

I  5 
6 


8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
.V, 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


B.J.  563  

11  Urs.  Min... 
v  Cor.  Bor 

B.J.  569  

B.J.  571  

B.J.  573  

i>2  Bootis  

B.J.  576  

B.J.  578  

0  Urs.  Min... 

f  Cor.  Bor  

iSerpentis  

B.J.  581  

B.J.  583  

B.J.  584  

B.J.  590.  

X  Hereulis 

B.J.  591  

B.J.  593  

B.J.  595.  

r  Hereulis  

B.J.  598  

it  Hereulis  

t  Cor.  Bor 
Groom.  750. . . 
a2  Cor.  Bor.  . . 

B.J.  606  

20  Urs.  Min... 
{  Cor.  Bor..  .  . 

|B.J.  612  

B.J.  614  

g  Hereulis  

Groom.  2372. . 
B.D.  72-734.  . . 

B.J.  623  

B.J.  626  

B.D.  79-511... 
53  Hereulis.. .  . 

f  Urs.  Min  

Groom.  2411 .  . 

B.J.  635  

B.D.  75-612... 
Groom.  2427 .  . 

B.J.  643.  

e  Hereulis. .  .  . 
a'  Hereulis. ..  . 
P  Hereulis. . . . 

(B.J.  650  

Groom.  2456 .  . 
Groom.  944. . . 


L.C.nr 


L.C.nr 


Coll. 


Polar 

Dev.) 


a"0 

—  ~ 

'  a 
i — 

°  8 


h. 

m.  s. 

XT 

N 

15 

11  49 

in 

17  05 

'.is 

19  25 

So 

20  IS 

is 

22  51 

98 

27 

36 

28  30 

25 

29  14 

76 

" 

30  49 

39 

34  00 

17 

35  56" 

03 

37  29 

11 

38  54 

it 

41  5S 

90 

44  3S 

11 

47  11 

84 

49  30 

.Ml 

52  14 

;:> 

53  48 

52 

55  35 

S3 

57  us 

69 

10  00  OS 

54 

03  57 

7  1 

05  37 

65 

07  54 

31 

u 

11  15 

34 

13  19 

19 

14  43 

96 

18  32 

28 

u 

20  04 

06 

22  23 

s4 

« 

25  3S 

01 

u 

30  40 

02 

u 

32  47 

Is 

u 

34  27 

00 

a 

39  45 

52 

u 

42  55 

90 

u 

49  30 

28 

55  07 

16 

u 

58  00 

45 

u 

17  01  09 

43 

u 

IK  111 

49 

u 

04  26 

65 

It 

11  51 

7s 

a 

14  31 

07 

u 

17  14 

7.4 

20  31 

67 

H 

24  18 

01 

a 

26  23 

25 

a 

32  54 

42 

■034 
(•643) 


_  a 
c 


1+ 

<  i 


58  54  03 

07  

27  

27i  

13  57-64 
97  43-49 

87  

20  19-64 
76  54-23 

54  1 

56  

37  

83  59-42 
11  03-62 
35  42-92 

01  

14  

95  19-39 
89  53-35 
SI  41-31 
93 

67  14-34 

97 1  

18|  

68  51-27, 
83  

90 

55  

71  1 

74|  I 

S3  29-43 

64  

52  

66|  

07IJ  

09  50-59 

37  \ 

72  

03  16-45 

69  

61  14-15 

06  

23  

31  56-76 

61   

00  

21  

79  23-35 
13  ... 
05  51- 


4-45  4-49 


4-52 


4-44 
4-47 


4-59 
4-51 
4-57 


4-44 
4-46 


4-59 


4-50 


4-42 


4-54 


4-45. 


4-64 


4-50 


Clamp  Ea6t. 


1—50.    Adopted  Ar+m=4-492+-0041  (T-16"  30"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar  o{ 
Dev.)  tg 


"32 

<  = 
zi  | 


=  S 


OJ  ft 

|+ 

<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
July  13 


July  16 


B.J.  663  

B.D.  72-800.. 

B.J.  670  

87  Hereulis.. 
2  Hereulis.  .  . 
168  H.  Here.. 
89  Hereulis. . . 

B.J.  672  

<5  Urs.  Min... 


N 


nr 


h.  m.  s 

17  36  52 
3S  48 
43  29 
45  07 
47  39 
49  06 
51  44 
53  07 

18  01  17 


53  Hereulis.. . . 

e  Urs.  Min  .  nr 

d  Hereulis.  .. 

B.J.  635  

B.J.  636  

B.J.  643...... 

u  Hereulis.  .  . 
to  Hereulis  . . . 
P  Hereulis  .  .  . 

B.J.  650  

X  Hereulis.  .  . 

B.J.  653  

B.J.  656  

Groom.  944.  .  .  L.C.nr 

B.J.  663  

B.J.  667  r 

87  Hereulis.. . 
z  Hereulis. .  . 
168  H.  Here. . 
89  Hereulis... 

B.J.  672  

5  Urs.  Min  . . . 

B.J.  6S1  

B.J.  684  

446  B.  Here.. 

R.J.  690  

V  Lyrae  

B.J.  694  

B.J.  699  

B.J.  703  

Ill  Hereulis.. 
204  B.  Drac.. 

B.J.  705  

B.J.  707  

B.J.  711  

B.J.  713  

51  H.  Cephei..  L.C.nr 

B.J.  719  

19  Lvrae  

B.J.  "725  


16  49 
55 
58 

17  01 
04 
11 
14 
17 
20 
24 
27 
28 
30 
32 
36 
42 
45 
47 
49 
51 
53 

18  01 
03 
12 
18 
19 
21 
22 
33 
41 
42 
44 
46 
49 
52 
55 
58 

19  04 
08 
13 


s. 


49 
22 
54 
43 
02 
05 
.",3 
02 
96 

98 

4-: 

77 
32 
26 
53 
^7 
30 
46 

vj 

01 

66 
53 
25 
31 
12 
17 
^7 
S2 
34 
86 
44 
86 
66 
.54 
84 
77 
56 
42 
42 
96 
27 
41 
30 
68 
62 
40 
36 
85 

Ml 


•034 
(■643) 


■047 
(■650) 


s. 
57-67 


22 
36 
63 
78 
81 
64 
89 
56  12- 10 
22  34-21 


47 
44  1611 
30 
54  14-14 
92  52-61 
11  56-74 
38 
81 
04 
59  23-32 
41 


55  26-26 
74  47-35 
65  52-23 
03  57-64 
49  58-14 
56 
64 
47 
74 
44  12-09 
03  33-63 
30  03-96 
34  52-99 

90  

18  53-83 

40  

6S  38-46 
9S55-66 
73  49-39 

24  

17  

93  47-57 
44  55-17 
40  38-08 
13  36-75 
25  21-95 
92  07-5S 

33  

00  37-65 


4-54 


4-67 


4-60 
4-69 
4-63 


4-61 
4-58 


4-65 


4-65 
4-60 
4-66 
4-65 


4-65 


68 
66 


4-64 


4-50 


4-64 


4-65 


h. 

m.  s 

17 

36  57 

/  *U 

3S  54 

86 

43  36 

13 

45  12 

-<> 

47  44 

□  l 

49  11 

14 

51  49 

o» 

53  12 

1  It  > 

16  49  35 

10 

58  18 

yo 

17  01  14 

Li 

04  52 

DO 

11  56 

—  4 
|4 

15  02 

1  1  1 

17  19 

A  A 

20  36 

Do 

24  23 

27  OS 

28  26 

30  47 

oft 

36  57 

67 

42  58 

13 

45  12 

on 

47  44 

49  11 

11 

51  49 

38 

53  12 

08 

18  04  03 

94 

12  52 

98 

18  25 

54 

19  53 

S2 

21  IS 

04 

22  38 

32 

33  55 

62 

41  49 

37 

43  04 

88 

44  44 

81 

46  47 

57 

49  55 

08 

52  38 

04 

55  36 

77 

19  04  07 

56 

OS  20 

97 

13  37 

64 

Clamp  East.  1—9.    Adopted  A7~+m  =  4-492+  -0041  (T-16h  30°). 

10—49.    Adopted  ir+m  =  4-639+  -0042  (T-18h  15°). 
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S  GEORGE  V.,  A.  I9IJ 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


a  . 
go 


Object 


Notes 


B.J.  720  

159  B.  Lyme. 

b  Aquilae  

21  B.  Vulp. . . 

4  Cygni  

a  Vulp  

B.J.  732  

5  Cygni  

« Sagittae. . . . 

B.J.  738  

/3  Sagittae. . 


B.J.  614  

g  Herculis. .  . . 
Groom.  2372. . 
B.D.  72-734... 

B.J.  623  

B.J.  626  

B.D.  79-511... 
Groom.  2391 .  . 
53  Herculis.. .  . 

ellrs.  Min  

Groom.  2411 .  . 
B.D.  75-612... 
Groom.  2427 .  . 

B.J.  643  

e  Herculis.  .  .  . 
w  Herculis .... 
P  Herculis.  .  .  . 

B.J.  650  

Groom.  2456.. 

B.J.  653  

B.J.  655  

Groom.  944... |L.C.,rn 

B.J.  663  

B.D.  72-800.. 

B.J.  670  

z  Herculis. .  . 
168  H.  Here.. 

B.J.  675  

B.D.  78-616.. 
i/-  Draconis .  . 
S  Urs.  Min. .. 
40  Draconis.. 

B.J.  684  

B.J.  693  

B.J.  700  

Bradley  2382. 

B.J.  705  

Groom.  2719. 


Time  of 
Observed 
Transit 


h.  m.  s 

19  14  58 
15  54 

20  3S 

21  39 

22  51 
24  54 

27  02 

28  22 
33  10 
33  58 
36  57 


16  22 
25 
30 
32 
34 
39 
42 
47 
49 
55 
57 

17  03 
04 
11 
14 
17 
20 
24 
26 
28 
30 
32 
36 
38 
43 
47 
49 
53 
55 
56 

18  01 
06 
12 
21 
34 
44 
46 
47 


Coll. 


(Polar 
Dev.) 


17 

00 

36 
55 
77 
56 

13 

55 
59 

13 
15 
92 
(12 
04 
70 
05 
91 
43 
93 
6S 
46 
73 
91 
27 
73 
87 
19 
22 
12 
3.8 
72 
68[ 
33 
60 
30 
26 
18 
24 
09 
52 
71 
L5 
.-,() 

S'.l 
1!) 

83 
25 


•047 

(-650) 


•040 
(•607) 


03 

°  o 


s. 

03-89 


00 

E 

is 

0 


o 

s  + 

S-s- 
5* 


29-29 


15-69 


56-72 


23-29 


it:, 
79 

38 
1,2 
86 

28  50-53 
24 
7:; 

S9 
5S 
74 

82 

111 

45 
76 
20 
42 
97 
79 
94  26-22 

29  26-61 
7P52-88 
34  57-62 
29 
53 
02 
86 

N.-> 

22 
00 
27  32-87 
22 

7952  -98 
42 
67 
96 
31 
40 


47-58 


07-61  4-63 


04  06   


5-25 


511 


5-27 


5-17 


"3  8 
1+ 


4-64 


App.  R.A. 
from 
Obser- 
vation 


h. 

m. 

s. 

19 

15 

03 

7s 

15 

59 

76 

2(1 

42 

85 

21 

44 

3S 

22 

56 

7."> 

24 

59 

74 

27 

07 

62 

2S 

27 

76 

33 

15 

03 

34 

04 

INI 

37 

02 

50 

16 

22 

29 

29 

25 

43 

03 

30 

47 

62 

32 

53 

86 

34 

34 

Ki 

39 

50 

52 

43 

03 

4s 

47 

09 

97 

49 

35 

13 

5s 

06 

9S 

17 

03 

17 

06 

04 

33 

34 

11 

56 

69 

14 

36 

00 

17 

19 

44 

2(1 

36 

66 

24 

23 

21 

26 

31 

03 

2S 

26 

18 

30 

26 

53 

5.25 


5-60 


5-19 


5-27 


36  57-58 
38  54-53 

43  35-77 

47  44-26 
49  11  10 
53  33  09 

55  19-46 

56  48-25 

18  06  52 -47 
12  53  04 
22  06-67 
34  10-92 

44  15-21 
46  47-56 

48  05-65 


Clamp  East.  1—11.    Adopted  Ar+m=4-639+  -0042  (T-18>>  15°). 

12—49.    Adopted  AT+m  =5-246  +  0042  (T-181-  10°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION"  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 


Object 


Notes 


Coll.  ^ 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


a 


o 


<< 


App.  R.A. 
from 
Obser- 
vation 


1910 
uly  19 


1 

2 
3 
4 
5 
6 
7 

I  8 
9 
10 

I  13 

)  14 
15 
16 
17 
18 
10 
21) 
21 

22 

23 
24 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
3.-) 
36 
I  37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4s 
49 


50  Draeonis.. 
B.D.  79-604.. 

51  H.  Cephei. 

B.J.  719  

B.D.  70- 1073. 
B.D.  49-3059. 

B.J.  738  

14  Cygni  

B.J.  740  

B.J.  742  

B.J.  747  

B.J.  750  

B.D.  69  1084. 


B.J.  627  

B.J.  629...... 

53  Herculis.. . 
e  Urs.  Min  . .  . 
d  Herculis  . . . 

B.J.  635  

B.J.  636  

B.J.  640  

B.J.  643.  

u  Herculis  .. . 
w  Herculis  . . . 
P  Herculis  . . . 

B.J.  650  

X  Herculis  . . . 

,B.J.  653  

B.J.  656  

Groom.  944 .  . 

B.J.  663  

B.J.  667  

S7  Herculis.. . 
z  Herculis 
16S  H.  Here. 
89  Herculis... 

B.J.  672  

B.J.  676  

o  Urs.  Min. . . 

B.J.  681  

B.J.  684  

446  B.  Here. . 

B.J.  690  

V-  Lyrae  

B.J.  694  

B.J.  699  

B.J.  703  

Ill  Herculis. 
204  B.  Drac. . 


L.C. 


nr 
r 


L.C.nr 


h.  m.  s. 

IS  49  13-63 
51  57-05 
58  29-42 
19  04  01-79 
31  40-20 
33  27-57 
33  58  02 
36  27-01 
40  5S-21, 
42  06-10 
48  25-36 
53  14-54 
58  51-6S 


8. 


S. 


h.  m. 


•040 
(•607) 


15-99   5 

00-48  

17-29  22-61  5-32 
02-31 07-59  5-28 

41-98:  I 

28-32  

58-77  04-07   

27-66  

5S-76  04-04  5-2S 
06-74  12-03  5-29 

27-07!  

15-35  20-631  

.53-39   1  1 — 


16  43  30- 
47  54- 
49  28- 
55  04- 
58  12- 

17  01  07- 
04  45 

10  28 

11  50 
13  55 

17  12 

20  30 
24  16 

27  01- 

28  19 
30  41 

32  54 
36  50 
42  51 
45  05 
47  37 
49  04 
51  43 

53  05 

54  26 

18  01  15 
03  57 

12  46 

18  19 

19  47 

21  11 

22  31 

33  49 

41  43 

42  5S 
44  38 


52  -  -046 

51 I  (-5S2) 

64 

SO 

41 

94 

93 

24 

12 

49 

;>7 

09 
55 
63 
31 
1-', 
39 
95 
76 
87 
58 
45 
00 
56 
44 
37 
57 
38 
27 
56 
58 
44 
12 
13 
68 
08 


25 


31-30  37-40 

54-  66  00-74 

28-98!  

08-83  14-78 

12-  78'  

08-02  14-OS 
46-41  52-48 
28-38  34-45 

50-  54  56-63 

55-  851  

13-  32  

30-51   

17-10  23-17 

01-901  

19-97  26-09 
41-2847-30 
48-28  54-38 

51-  4657-52 

52-  06  5S-0S 
06-09!  


6-0S 


5-95 


6-06 
607 
607 
6-09 


6  02 
6-10 


602 


38-14J  

04-  921  |. 

43-27  

05-  9812-01 
27-07  33-20  . 
24-76  31-12 

57-  88  03-92 

46-  88  52-93 
19-51   

47-  78  53-82 

11-981  

32-2S3S-31  . 
49-57  55-62 
43-34  49-39 

58-  86  

38-74   


6-03 


6-36 
6-04 
6-05 


6-04 


605 
6-05 


49  21-24 
52  05-73 


04  07-56 
31  47-23 

33  33-57 

34  04  02 
36  32  91 

41  04  01 

42  11-99 
48  32-32 
53  20-60 
58  58-64 


6  04  16  43  37-34 

48  00-70 

49  35-02 


58  18-82 

17  01  14  06 
04  52-45 

10  34-42 

11  56-58 
14  01-89 

17  19-36 

20  36-55 
24  23-14 

27  07-94 

28  26-01 
30  47-32 

"36  57-50 

42  58- 10 
45  12-13 
47  44-18 
49  10-96 
51  49-31 

53  12-02 

54  33-11 

18  04  03-92 

12  52-92 

18  25-55 

19  53-82 

21  1802 

22  3S-32 
33  55-61 
41  49-38 

43  04-90 

44  44-78 


From  Julv  19  Clamp  East;  from  Julv  26  Clamp  West. 
1—13.    Adopted  A7"+w  =  5-246+-0042  (T-lSh  10°). 
14-^9.    Adopted  Ar+m  =  6-044+ -0043  (T-18h  35°). 
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l  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


11)10 
July  26 


Object 


2« 


B.J. 
B.J. 
B.J. 
B.J. 


Notes 


705  

707  

711  

713  

51  II.  Cephei. 
B.J.  719  

19  Lvrae  

B.J.  725  

B.J.  726  

159  B.  Lyme. 
b  Aquilae .... 

21  B.Vulp  |r 

i  Cygni  

a  Vulp  

<t>  Aquilae 
B.J.  752.. 

17  15  Vulp... 

18  I  b2  Cygni  .. 

20  Vulp..  . 
30  Cvgni . . 

B.J.  760  

176  B.  Cygni.. 
B.J.  765  

40  Cygni  r 

41  Cygni  


L.C.,nr 


July  28 


26  40  Draconis... 

27  B.J.  684  

28  446  B.  Here... 

29  B.J.  690  

30  B.J.  694  

31  B.J.  699  

32  111  Hereulis... 

33  204  B.  Drac... 

34  B.J.  705  

35  B.J.  707  

36  B.J.  711  

37  B.J.  713  

38  51  H.  Cephei..  L.C. 

39  B.J.  719  

40  M'rs.  Min.... 

41  B.J.  726  

42  21  B.  Vulp. . . 

43  4  Cvgni  

44  a  Vulp  

45  B.J.  732  

46  8  Cygni  

17    U.D.  19-3059. 

48  B.J.  738  

49  14  Cygni  

50  10  Vulp  


Coll. 


Time  of 
Observed 
Transi  t 


(Polar 
Dev.) 


h.  m.    s.  s. 
S  ll8  46  41  13  -  046 

(•582) 


°  5 

■J2 


I  <  = 
> 

2S  O 
B 


"8  s 


=  5 


49  4S • 19 

52  31-44 

55  30-40 

58  28-87 

19  04  01 • 11 

08  14-69 

13  31-52 

14  57- 12 

15  53-24 

20  36-75 

21  38-21 

22  50-38 

24  53-46 

—  1     •  J' J  TV 

51  54-57 

54  41-25 

57  19-48 

20  06  00- 7S 

08  10- 11 

10  24  01 

I 

12  51-91 

16  55-21 

u 

18  55-53 

u 

24  09-97 

a 

25  3S-SS 

N 

IS  06  42 -SS 

a 

12  46-29 

a 

18  19-16 

u 

19  47-52 

u 

22  31-41 

a 

33  49- 11 

u 

42  5S-59 

a 

44  37-99 

a 

46  41-05 

a 

49  47-96 

u 

52  31-41 

u 

55  30-27 

u 

58  29  04 

tt 

19  04  01-03 

a 

11  07-28 

it 

14  56-98 

tt 

21  38-13 

u 

22  50-37 

tt 

24  53-45 

u 

27  01 -3S 

u 

28  21-40 

It 

33  26-90 

it 

33  57-26 

tt 

36  26-38 

it 

39  54  15 

S.         8.  | 

41-49  47-56 
49  05  55  07 
31-97  38  04 
30  75  36  •  75 

18-  33  24-33 
01-5107-58 

15  02   1 

31-63  37-69 
57-79  03  S5 

53-71   

36-86   

38-  42  

50-78   

53-  72   

54-  68   

41-44  17  11 

19-  77   

01  19  

10-3S   

24-54   

52- 16  5S- 19 

55-  66   

56-  00  02- 11 
10-35'  

39-  20,  


:  ■ 

<< 


App.  R.A. 
from 
Obser- 
vation 


s. 
607 

6-07 
600 
600 
607 


606 


600 


6-03 


616 


611 


-•060  45-921  

(-5S0)  46.75  52-91 

119-36!  |  

47-  70  53  81  6- 11 
32-27  38-28 

49-  50  55-61 

58-73   

38-67  

41-37  47  -55 

48-  84  55  04 
31-89  38-03 
30-58  36-75 
IS  -SO  24-77 
01-38  07-58 
3S-51  44-26 
57-67  03-84 
3S-35   

50-  72   

53-67   

01-63  07-66 
21-73  ... 
27-50  . . . 
57  S6  (U-(X> 
26-S4  ... 
,54-3S  . . , 


6- IS 

6T4 
617 

5-  97 

6-  20 
5-75 


603 


604 


605 


611 


h.  m.  s. 
18  46  47-53 
49  55- 10 
52  38  02 
55  36-80 


6  12 


19  04 
08 
13 
15 
15 
20 
21 
22 
24 
52 
54 
57 

20  06 
08 
in 
12 
17 
19 
_'l 
25 


07-56 
21-07 
37-68 
03-84 
59-76 
42-91 

44-  47 
.".ij-Si 
59-77 

00-  73 
47-49 
25-82 
07-24 
16-43 
30-59 
58-21 

01-  71 
02  05 
10-40 

45-  25 


613 


IS  06  52  04 
12  52-87 

18  25-48 

19  53-82 
22  38-39 
33  55-62' 

43  04-86 

44  44-80 
46  47-50 
49  54-97 
52  3.V02 
55  36-71 


19  04  07-51 


15  03-80 

21  44-48 

22  56-85 

24  59-80 
27  07-76 

25  27-86 

33  33-63 

34  03-99 
36  32-97 
40  00-51 


Clamp  West.  1—25.    Adopted  \T+m  =6  044+  -0043  (T-18h  35°"). 

26—50.    Adopted  Ar+ra  =6- 128+  0044  (T-19b  15-). 
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SESSIONAL  PAPER  No.  25a 

TABLE  HI.  • 
REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


- 


12 

13 
14 
15 

1? 

IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2S 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


L_  - 


=  1 

- 


c  g 

4- 


B.J.  740  

B.J.  742  

Sagittae  

<t>  Aquilae 

B.J.  750  

B.J.  752  

15  Vulp  

Groom.  1119. 
jB.J.  760  


N 


L.C. 


n.  m.   s.  s. 

19  40  57-51  -  060 
42  05-33  (-5S0) 
44  54-93 

51  54-46 

53  13-SO 

54  41-22 
57  19-44 

20  OS  20-89 
12  51-89 


8. 


L.C.,nr 


B.J.  703  

Ill  Herculis.. 
204  B.  Drac. . 

B.J.  707  

B.J.  711  

B.J.  713  

51  H.  Cephei. 

iB.J.  719  

'b  Aquilae  .... 
|21  B.  Vulp  .  . 

j4  Cygni  

a  Vulp  

B.J.  732  

8  Cvgni  

B.D.  49-3059. 

:B.J.  738  

|3  Sagittae  

1 10  Vulp  

B.J.  740  

B.J.  742  1 

B.J.  743  

f  Sagittae  | 

<t>  Aquilae  

B.J.  750  

B.J.  752  

15  Vulp  

Groom.  1119. .  L.C. 

B.J.  760  

176  B.  Cygni 
B.J.  765  

40  Cygni.... 

41  Cvgni .... 

B.J.  768  

f  Delphini.. . 

B.J.  771  

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  


X 


18  41  42-87 
42  58-39 
44  37-71 
49  47-72 

52  31  03 
55  30  03 
5S  28-7S 

19  04  00-S2 

20  36-41 

21  37-S2 

22  50-OS 
24  53- 19 

27  01  01 

28  21-09 
33  26-53 
33  57  OS 
36  56  03 

39  53-94 

40  57-28 

42  05- 13 

43  IS- 11 

44  54-58 
51  54-27 

53  13-52 

54  40-90 
57  19  16 

20  OS  24  14 
12  51-56 
16  54-94 
18  55-27 

24  09-65 

25  38-54 
28  50-57 
31  01-71 

33  15-40 

34  25-72 

35  23- 13 

38  17-15 

39  11-16 
42  29-55 


-■034 

(•601) 


o< 
05 
55 
54 
14 
41 
19 
54 
52 

43 
58 
38 
48 
31 
30 

1' 
01 

36 
3S 
50 
53 
01 
21 
27 
57 
56 

52 

Oi 

05 
18 
54 
54 
14 
41 
19 
55 
51 

?? 
oo 

10 

38 

50 

01 

15 

25 

23 

17 

11 

29 


SS  04-07 
S3  12-04 

081 

54j  

46  20-64 
o,  47-46 

68  

61  00-S6 
11  58-20 


49  .. 
45  .. 
30  07 
47  .. 
!9  .. 


619 
6-21 


609 


6-25 
6-09. 


07  49-3S 
57 

45L ; . '  * 

6S55-6i| 
57  38  02  6-45 
3S36-74 
60  25-30 
23  07-58 
52  . 


6-  36 

7-  70 
6-35 


66  6-36 


'4  04  05   

20  i 

2o;..  "   : 

71  04  06  6-35 
69  12-03  6-34 
29  24-67  6-3S 

76  

37  

24  20-63   

09  47-46  6-37 

44  

44  01-44  6-00 
82  58-21  6-39 
39... 

73  02- 13  6-40 

OS  

86  

66  57  03  6-37 

85|  

53  21-94  6-41 
93 

28  29-68  6-40 
7l  24-10 
3017-64 
92  36-38 


6-39 
6-34 
6-46 


App.  R.A. 
from 
Obser- 
vation 


613 


6-31  6-37 


6-38 


h. 

m.  s 

19  41  04 

01 

42  11 

96 

45  01 

21 

52  00 

67 

53  20 

59 

54  47 

50 

57  25 

81 

20  12  58 

24 

18  41  49 

44 

43  04 

94 

44  44 

^2 

49  55 

05 

52  37 

CIA 

55  36 

75 

19  04  07 

60 

20  42 

89 

21  44 

45 

22  56 

86 

24  59 

82 

27  07 

67 

28  27 

84 

33  33 

56 

34  04 

11 

37  02 

57 

40  00 

57 

41  04 

08 

42  12 

06 

43  24 

66 

45  01 

13 

52  00 

74 

53  20 

61 

54  47 

46 

57  25 

81 

20 

12  58 

19 

17  01 

76 

19  02 

10 

24  16 

45 

25  45 

23 

2S  57 

03 

31  OS 

22 

33  21 

90 

34  32 

30 

35  29 

65 

38  24 

08 

39  17 

67 

42  36 

30 

Clamp  West. 


10—49. 


1—  9.  Adopted  A7"+»;  =6-128+  -0044  (T- 
Adopted  ±T+m  =6-3714-  0044  (T-19h  45°). 
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3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


91 
O 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


SO 


<  c 

Pi  o 
M  a 


e  5 
5  4- 
S-S-* 


1+ 


App.  R.A. 
from 
Obser- 
vation 


1  B.J.  784. 

2  76  Draconis . 

3  220  H'  Drac. 


N 


h.  m.  s 

20  43  49 
49  05 
51  37 


4 
5 
6 
7 
8 
9 

HI 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


B.J.  684  

446  B.  Here  .  . 

B.J.  690  

H  Lyrae  

B.J.  699  

B.J.  703  

Ill  Herculis.. 
204  B.  Drac. 

B.J.  705  

B.J.  707  

B.J.  711  

51  H.  Cephei. 

B.J.  719  

X  Urs.  Min.  .  . 
b  Aquilae .... 
21  B.  Vulp... 

4  Cygni  

a  Vulp  

B.J.  733  

8  Cygni  

e  Sagittae. . . . 

B.J.  738  

/3  Sagittae  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae — 
<P  Aquilae 

B.J.  752  

15  Vulp  


L.C.,rn 


B.  J.  650... . 
Groom.  2456.  . 

B.J.  653  

B.J.  655  

Groom.  944 .  . 

B.J.  663  

B.D.  72-800.. 

B.J.  070.  

z  Herculis. .  . 
L68  H.  Here. 

B.J.  675  

B.D.  78-616... 
i> -  Draconis . . . 
i  I  rs.  Min... . 


L.C.rn 
r 


18  12 
18 
19 
21 
33 
41 
42 
A\ 
46 
49 
52 
58 

19  04 
10 
20 
21 
22 
24 
27 
28 
33 
33 
36 
39 
40 
42 
43 
44 
51 
54 
57 


17  24  15 
26  18 
28  17 
30  IS 
32  57 
36  49 
38  44 
43  25 
47  36 
49  03 
53  22 

55  08 

56  3S 

18  01  09 


s. 


s. 


56 
57 
60- 

71 

62 

02 

93 

55 

56 

10 

39 

54 

48 

79 

44 

47 

73 

12 

51 

75 

00 

34 

76 

36 

83' 

871 

67 

98 

7S 

45 
03 
65 
91 

11 

54 
S7 
16 
16 
54 
39 
95 
19 
19 
30 
28 
45 
97 


-•034 
(•601) 


-040 

(•639) 


49-97  56-36 
09-83  16-27 
40-97  47-56 


46- 

18 
47 
11- 

4s 
42 

158  • 

138- 

40 

48< 

31 

19 

00 

33 

36 

37 

50 

53 

22 

21 

OS 

57 

56 

53 

57 

(15 

18 
54 
54 
U) 
19 


28  52-85 

89  

23  53-79 

44  

99  55-57 
80  49-37 

31  

13  

95j47-52 
44,54-95 
38  37-99 
59  26-27 
93  07-56 
54  40-39 
25 
79 
21 
23 
06  28-61 

18  

55 

50  04 -03 

07  

97  

46  04-06 
40  12-02 
11  24-67 
62  


10  

87  47  -47 

23  ..... 


-040 
(-621) 


15-79  22-94 

21-86;  

18-58  25-83 
18-95  26-18 
50-50  57-3S 
50-11  57-31 

46-34   

27-71 !  

36-SO!  

03-70   

24-841  

1105  

4019  

20-13  27-42 


6-39 
6-44 
6-59 


6-61 
6-68 
6-63 
6-85 


6-60 
6-62 
6-56 


6-60 


6-88 


7-29 


s.     h.  m.  8 

6-38  20  43  56 


6-57      6-57  18  12  52 
18  25 

6-56  19  53 

21  18 

6-58  33  55 

6-57  41  49 

43  04 

44  44 

6-57  4(i  47 

49  55 
6-58      52  37 


714 


19  04  07 


20  42 

21  44 

22  56 

24  59 

27  28 

25  27 

33  15 

34  04 
37  02 

40  00 

41  04 

42  11 

43  24 
45  01 
52  00 
54  47 
57  25 

17  24  22 

26  29 

28  25 
30  26 


36  57 
38  53 
43  34 
47  43 
49  10 
.53  31 

55  18 

56  47 


Clamp  West.  1—3.    Adopted  Ar+m  =  6-3714-  -0044  (T-19b  45-). 

4—34.    Adopted  ±T+m  =6-5764-  0044  (T-19h  05-). 
35-4S.    Adopted  Ar-r-m=7-144  +  -0045  (T-19h  15-). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Object 


Notes  S 


J2 

o 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


H"3 
~  ■_ 

H  u 


o 


Ph  ° 


4- 

3< 


§•+ 

<< 


App.  R.A. 
from 
Obser- 
vation 


1910 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


40  Draconis . . . 

B.J.  684  

B.J.  695  

B.J.  700  

Bradley  2382. . 
Groom.  2719. . 

50  Draconis . . . 
B.D.  79  004... 

51  H.  Cephei. . 

|B.J.  719  

\\  Urs.  Min.  . . . 

|B.J.  729  

4  Cygni  

B.D.  76-734... 

B.J.  734  

B.D.  70- 1073.. 

B.J.  738  

14  Cygni  

B.J.  740  

B.J.  742  

B.J.  747  

B.D.  6910S4.. 

b-  Cygni  

B.J.  759  

176  B. Cygni... 

B.J.  765  

40  Cygni  


[41  Cygni 


wl  Cygni  

Groom.  3241 . 
B.J.  770  


h.  m.  s. 


s. 


L.C. 


87  Herculis .  . . 
z  Herculis. .  . . 
168  H.  Here... 

89  Herculis  

B.D.  78-616... 
</>*  Draconis . . . 
8  Urs.  Min...  . 
40  Draconis... 

B.J.  684  

446  B.  Here... 

B.J.  690  

/i  Lyrae  

B.J.  694  

B.J.  700  

B.J.  703  

Bradlev23S2.. 

B.J.  705  

Groom.  2719. . 


N 


18  06 
12 
22 
34 
44 
47 
49 
51 
58 

19  03 
10 
17 
22 
24 
27 
31 
33 
36 
40 
42 
48 
58 

20  05 
11 
16 
18 
24 
25 
27 
30 
32 

17  45 
47 
49 
51 
55 
56 

IS  01 
06 
12 
18 
19 
21 
22 
34 
41 
44 
46 
47 


40-62  ^040 

4509  (-621) 

34-92 

00- 12 

05-87 

55  S6 

11-0S 

5411 

32  00 

59-88 

55-  09 
11-78 
49-19 
40-77 

03-  73 
38-17 

56-  26 
25-24 
56-44 

04-  23 
23-30 

49 -  S2 
59-65 

50-  72 
54-09 
54-49 

05 -  91 
37-75 
10-S3 
1S-90 

37-07  


04-  53 
36- 18 
03-18 
41-6.3 

08-  26 
3S-40 

09-  5S 
4015 
45  03 
17-98 
46-30 

10-  18 
29  SO 
00- 13 
41-90 

05-  69 
39-89 
55-70 


-043 
(-619) 


87'... 
64  52- 
74  ... 
69  ... 


79    7- 15 


79 
v_> 

65 
91 
12 
21 

66  27-14 
50 
54!52-77 
22 
52  53-75 
64 


10 

79 
10  49-34 
36 
26  47-48 
74 


714 


19 
84 
26 

31  

52  27-99  7-47 
32  07-53  7-21 
85  36  11  6-26 

67  

63  

13  >  

79  

79  1  

91  04  00   

80  

90  04-04  7-14 
8312-00  7-17 
86 
38 
10 
29 
58 

00  02-14 

33|  | 

io!  1 

45 
67 
14 


h.  m.  s. 

IS  06  51-01 
12  52-78 
22  43-88 
34  09-83 

44  14-63 

45  04-98 
49  20-40 
52  04-45 


714 


715 


19  04  07-46 


•20 


17  20-S1 
22  56-77 
24  50-27 
27  13-93 

31  46-94 
34  04-06 
36  32-95 

41  04-05 

42  11-98 

48  32-01 
58  58-53 

20  06  07-25 
12  00-44 
17  01-73 
19  02-15 

24  16-48 

25  45-25 
27  18-60 
30  27-S2 

32  46-29 

17  45  11-99 
47  44  02 

49  10-S5 
51  49- 11 

55  18-32 

56  47-41 


7-48 
7-23 


7-23 


7-24 
'7-22' 


18  06  50-70 
12  52-74 

18  25-42 

19  53-72 

21  17-S4 

22  37-95 
34  09-99 
41  49-30 
44  14-56 
46  47-46 
48  04-94 


Clamp  West.  1—31.    Adopted  Ar+m  =  7  144  +  0045  (T-19h  15°). 

32—49.    Adopted  Ar+m  =  7-206+-0045  (T-19h  05"). 


2  DEPARTMENT  OF  THE  INTERIOR 

i  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


1910 


c  . 


Object 


SO  Draconis . . . 


B.D.  79-604.. 

B.J.  714  

51  H.  Cephei. 

B.J.  719  

X  Urs.  Min. . . 

B.J.  726  

B.J.  729  

21  B.  Vulp. . . 

10  4  Cygni  

11  B.D.  76-734.. 

B.J.  734  

SCygni  

B.D.  70- 1073. 
B.D.  49-3059. 
B.J.  738  

14  Cygni  

10  Vulp  

B.J.  742  

B.J.  747  

<f>  Aquilae 

B.J.  750  

B.J.  752  

15  Vulp  


Notes 


N 


L.C.nr 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


Aug.  Ill  25 
|  26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 


B.J.  700  

Bradley  2382. 

IB.J.  705  

Groom.  2719. 

50  Draconis 

51  H.  Cephei..  L.C.,nr 
B.J.  719  1 

IX  Urs.  Min.  .  .  .  nr 

B.J.  729  

4  Cygni  

B.D.  76-734.. 

B.J.  734  

B.D.  70- 1073.. 
B.D.  49-3059.. 

B.J.  738  r 

14  Cygni  r 

B.J.  740  

B.J.  742  

B.D.  69- 1084.. 
69  Draconis . . . 
Groom.  1119..  L.C.nr 
176  B.  Cvgni.. 
B.J.  765  r 

40  Cygni  

41  Cygni  


Time  of 
Observed 
Transit 


h.  m.  s. 

18  49  11 

51  54- 
55  24- 
58  31- 

19  03  59- 
10  52- 
14  55- 
17  11- 

21  36- 

22  49- 
24  40 

27  03 

28  20 
31  37 
33  25 
33  56 
36  25 
39  53 
42  04 
48  23 
51  53 

53  12 

54  40 
57  18 


Coll. 


(Polar 
Dev.) 


09 
21 
33 
74 
s7 
74 
75 
64 
91 
12 
50 
44 
15 
94 
69 
1  t 
■23 
■02 
•  26 
•47 
■52 
■61 
Id 
25 


-043 
(-619) 


°  S 

so 


IS  33  59 
44  05- 

46  39- 

47  54- 
49  10- 
58  32- 

19  03  59- 
10  50- 

17  10- 
22  48- 
24  39- 
27  02- 
31  37- 
33  25 
33  55 
36  24 
40  ,V) 
42  03 
58  49 

20  02  02 
OS  30 
16  53 

18  53 

24  OS 

25  37 


._  a 
"  a 


a  s 

*  v 

f-  4- 


13-35 
57-52 
26  04 
20-37  28-30, 
00-28  07-52 
27-22  35-38 
56-52  03-73 
13-59 
37  16 
49-53 
42-94 
06-60 
20-53 


3< 


App.  R.A. 
from 
Obser- 
vation 


s. 

7-20 


7-21 


7-93 
7-24 
816 


39-62 
26-36 
56-81  03-99 
25-75 
53-28 
04-83  12-00 
25-08 


7-17 


53-61 
13-35  20-58 
40-29  47  -4S 
18-53 


23  -  041 
12  (-646) 


32 
S7 
26| 
16 
96 
56 
82 
871 
53 
20 
50 
71 
79 
•59; 
■16 
•58 
■02 
•451 
•93' 
•18 
■15 


01-91 
06-81 
39-67  47-44 
56-99 
12-59 
20-90  29- IS 
59-72  07-49 
26-33  33-13 
12-92 
49  02 
42-28 
06-07 


719 


39-23 
25-88 
56-2503-95 

25-22  

56-27  04  01 

04-  22  11-97 

50-78  

.05-011  

59-33  07-46 

53-  95 

54-  39  02-13 

05-  67 
37-51 


7-77 


S-2S 
7-77 
6S0 


7-74 
7-75 


8- 13 


7-74 


h.  m.  s. 

18  49  20-55 
52  04-73 
55  33-25 

19  04  07-49 


15  03-73 
17  20-80 

21  44-37 

22  56-74 
24  50- 15 

27  13-81 

28  27-77 
31  46-84 

33  33-53 

34  04  02 
36  32-96 
40  00-49 
42  12  04 
48  32-29 

52  00-82 

53  20-56 
.54  47-50 
57  25-74 


7-73 


18  34  09-64 
44  14-54 
46  47-40 

48  04-72 

49  20-32 


19  04  07-45 


7-74 


17  20-65 
22  56- 75 
24  50  01 
27  13-SO 
31  46-96 

33  33-61 

34  03-9S 
36  32-95 

41  04  00 

42  11-96 
58  58-82 

20  02  12-75 


17  01-69 
19  02  13 

24  16-45 

25  45-21 


Clamp  West.  1-24.    Adopted  Ar+m  =  7-206+ -0045  (T-19b  05"). 

25—49.    Adopted  Ar+m  =7 -737+ -0065  (T-20"  00"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Ohject 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


;0 


_  * 

4 


5  + 


a  *■ 


1910 

Aug.  11 


1  w'Cvgni  

2  Groom.  3241  .. 

B.J.  770  

76  Draconis . . . 
220  H1.  Drac. 

B.J.  788  

Bradley  274S. . 

8  B.J.  792  

9  B.J.  793  

10  Groom.  3409.  . 

11  B.J.  798  

12  B.J.  799  

13  ffCygni  

14  Bradley  2790. . 


Aug.  12 


15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
12 
43 
44 
45 
46 
47 
is 
49 


Groom.  2411 . 

B.J.  635  

B.D.  75-612.. 
Groom.  2427 . 

B.J.  640  

B.J.  643.  

e  Herculis  .  . 
w  Herculis  . . . 
p  Herculis  . . . 

B.J.  650  

Groom.  2456 . 

B.J.  653  

B.J.  655  

Groom.  944 .  . 

B.J.  663  

B.D.  ?2S00.. 

B.J.  670  

S7  Herculis. . . 
;  Herculis  .  .  . 
168  B.  Here.  . 
89  Herculis. . . 

B.J.  675  

B.D.  78-016.. 
J  Urs.  Min  . . 
40  Draconis . . 

B.J.  6S4   

446  B.  Here. 

B.J.  690  

B.J.  695  

B.J.  699  

B.J.  703  

Ill  Herculis.. 
Bradley  23S2. 

B.J.  705  

Groom.  2719. 


N 


L.C.nr 


h.  m.  s. 

20  27  10-24 
30  IS- 14 
32  36- 19 
49  03-47 
51  35-9S 
53  43- 05 
55  42-63 

21  01  33-35 
02  45-98 
05  45-24 
09  24-73 
11  05-93 
13  46-79 
16  35-91 


-•041 

1-6461 


16  57  55 

17  01  05 
03  05 
0-1  21 

10  26 

11  4S 
14  27 

17  10 
20  28 

24  14 
26  17 

25  17 
30  17 

32  57 
36  48 
38  43 

43  24 

45  03 
47  35 
49  02 
51  40 
53  20 
55  07 

IS  01  07 
06  39 

12  44 

18  17 

19  45 
22  33 

33  47 

41  41 

42  56 

44  04 

46  39 

47  54 


SO 
93 
.",7 
61 
28 
06 

W 
94 
(),-, 
33 
31 
().", 
20 
43 
71 
5s 
ss 
S4 
36 
49 
9S 
93 
(Mi 
58 

13 
33 
36 
61 

si 

16 

29 
77 

93 
26 
58 


-  -042 
(-630) 


35  

01  15-91 
45  47-32 
59  51-33 
94 
94  41-74 
47  54-21 

97  

73  33-44 
42  14-15 

29  

41  


80  

05  13-90 

87  

92  

41  34-27 
49  56-36 

84!  

30  

49  

98  22-82 

80  

81  25-70 
05  26  03 
7058-62 
34  57-21 

48|  

74  

Ill  

01  

97  

26  

54  

98  

s'i  J."  '.HI 


00  .  .  . 

85  52-70 

60  .  . . 
S3  53 -70 
"6  ... 

61  55-45 
49  49-31 
95  .... 

64  

64  47-43 
67  


7-90 
7-S7 
7-74 


7-80 
7-74 


•73 


7-85 


7-86 
7-87 


7-92 


804 


7-85 


7-87 


7-84 
7-82 


7-79 


7-74 


7-75 


7-S4 


7-S5 


Clamp  West.  1—14.    Adopted  ^r+m=7-737+-0O65  (T-20>>  00°>). 

15-49.    Adopted  Ar+m  =7  S48+ -0069  (T-18h  30-). 


3S4 


DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  191J 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  GLRCLE-Continued 


Date 


=  . 


Object 


Notes 


_2 

O 


Coll. 


Time  of 
Observed 
Transit 


(Polar 

Dev.) 


-  - 


=.  s 

•Jl 


_  3 
O  ~* 


si  z 
a 


a  5 


ft. 


App.  R.A. 
from 
Obser- 
vation 


1910 
Aug.  12 


1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

jo 

23 
24 
25 
26 
27 
28 
29 


B.D.  79-604... 

B.J.  714  

51  H.  Cephei.. 

B.J.  719  

XUrs.  Mill  

B.J.  726  

B.J.  729  

6  Aquilae  

21  B.  Vulp.... 

4  Cygni  

B.D.  76-734.  . . 
B.J.  734  

5  Cygni  

B.D.  70- 1073.. 
B.D.  49-3059. 
B.J.  738  

14  Cygni  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

fSagittae  

B.J.  747  

<P  Aquilae 

B.J.  750  

B.J.  752  

15  Vulp  

B.D.  69-1084.. 
Groom.  1119. . 


N 


L.C.nr 


Aug.  19  30  B.J.  643.... 

31  e  Hereulis  . 

32  w  Hereulis . 

33  p  Hereulis  . 

34  B.J.  650... 


L.C.nr 


35  Groom.  2456 

36  B.J.  653  

37  B.J.  657  

38  Groom.  944. . .  L.C.,nr 

39  B.J.  663  

40  B.D.  72  SO0.. 

41  B.J.  670  

42  87  Hereulis... 

43  s  Hereulis  . . . 

44  16S  H.  Here.. 

45  89  Hereulis. . . 

46  B.J.  675  

47  B.D.  78-616.. 

48  i^*  Draconis . . 

49  5  Urs.  Min... 


h.  m. 

18  51 

55 
58 

19  03 
10 
14 
17 
20 
21 
22 
24 
27 
28 
31 
33 
33 
36 
39 
40 
42 
43 
44 
48 
51 
53 
54 
57 
58 

20  OS 


N  17  11 
14 
17 

20 
24 
26 
28 
30 
32 
36 
38 
43 
45 
47 
49 
51 
53 
55 
56 
IS  01 


53  03  - 

23-  22 

32-  56 
59-  IS 
46-90 

54-  95 

10-  74 

34-  95 
36-28 

45-  47 
39-58 

02-  54 

19-  32 
37  06 

24-  90 

55-  40 

24-  50 
52-35 
55-65 

03-  45 

16-  60 
53  07 
22-43 
52-79 

11 -  S6 
39-48 

17-  64 
48-94 

25-  98 

46-  45 

25-  76 
09-31 

26-  43 

12-  63 

14-  42 

15-  37 

20-  S5 
59  13 
47  07 
41-58 
22-62 
02-32 

33-  59 
00-84 
39-42 
1S-56 

04-  24 

35-  15 
02  02 


-•042 

(-630) 


8. 


56 
24 
20 
59 
22 
;,r, 
12 
35 
36 
4s 
42 
05 
19 
38 
25 
56 
25 
52 
56 
04 
16 
53 
24 
52 
12 
39 
17 
50 
59 


•035 
(-694) 


47-02  56-23 

26-  34  

09-SO   

27-  011  

13-  47  22-65  . 

18-60  

16-33  25-50  . 
21-92  31-22  . 
51-15  00-68 
47-S5  57-05  . 

43-88  !. 

i24-88   , 

02-69  

34-44   

01-47  , 

39-80  

21-69  

07-73   

37-39   

14-  18  23-25 


8-56 
7-88 
10-23 


39 
98 

95  29-51 
60  07-4S 
05  32-28 
73  03-65 

72  

•06  

•54|  !  

•89  

■06  

•77  .  

•71  

■78  

•59 

■09  03-93 

•03  

■62  

•09  04  01  7-92 
•03.11-96  7-93 
•78  24-66;  7-88 

•25  

•07  

•90 

•6120-53 
•67  47-47    7  S0 

•93  

.59 

21  07-95  "s-74 


7-85 


h.  m.  s. 

18  52  04-24 
55  32-83 


19  04  07-45 


7-86 


9-21  919 


17 


9-53 


9-07 


11  56-21 
14  35-53 
17  18-99 
20  36-20 
24  22-66 
26  27-79 
28  25-52 
30  31-11 


From  Aug  12  Clamp  West ;  from  Aug.  19  Clamp  East. 
1—29.    Adopted  ^F+m  =  7-84S4--0069  (T-1S1"  30°). 
30—49.   Adopted  ST+m  =9-204+  0094  (T-19b00»). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  .MERIDIAN  CIRCLE-Continued 


a  . 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


—  - 

°  o 
6V 


_  03 


C5  o 
a 
W 


3S 


-a  s 

»  K 

o , 

■<  < 


App.  R.A. 
from 
Obser- 
vation 


1 

2 
3 
4 
5 
6 
7 
8 
9 
in 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 
45 
46 
47 
48 
49 


B.J.  681  

40  Draconis . . 

B.J.  684  

446  B.  Here . . 

B.J.  690  

p  Lyrae  

B.J.  695  

B.J.  699  

Ill  Herculis.. 
Bradley  2382. 

B.J.  705  

Groom.  2719. 

50  Draconis . . 

B.J.  711  

B.J.  713  

51  H.  Cephei . 

B.J.  719  

B.J.  725  

B.J.  726  

B.J.  729  

b  Aquilae  

0  Aquilae 

B.J.  750  

B.J.  752  

15  Vulp  

B.D.  69-10S4. 
69  Draconis . . 

B.J.  760  

176  B.  Cygni . 
B.J.  765  

40  Cygni  

41  Cygni  

Groom.  3241 . 

B.J.  770  

B.J.  774  

B.J.  777  

B.J.  780  

B.J.  784   

76  Draconis . . 
220  H'.  Drac. 

B.J.  690  

m  Lyrae  

B.J.  694  

B.J.  699  

B.J.  703  

Ill  Herculis.. 
204  B.  Drac. . 

B.J.  705  

B.J.  707  


h.  m.    s  . 


X 


18  03 
06 
12 
18 
19 
21 
22 
33 
42 
44 
46 
47 
49 
52 
55 
58 

19  03 
13 
14 
17 
20 
51 
53 
54 
57 
58 

20  02 
12 
16 
18 
24 
25 
30 
32 
35 
38 
42 
43 
49 
51 


54  03 

36-  51 
42-61 

15-  77 
4411 
07-92 
31-81 

45-  55 
55-30 
03 -OS 

37-  66 

52-  52 

07-  65 
27-83 

27-  00 
35-97 
57-60 

28-  22 

53-  29 

08-  52 
33-47 
51-38 
10-24 
37-91 

16-  15 

46-  82 
00-29 
48-71 

51-  87 

52-  31 
06-56 
35-63 
16-21 
34  02 
20-27 
14-12 
26-60 
46-60 
00-81 
33-34 


■035 
(-694) 


18  19  43-90 

21  07-69 

22  2705 
33  45-33 

41  39-51 

42  55  05 
44  34  00 
46  37-31 
49  43-79 


•046 
(-700) 


54- 

40 

43 

16 

44 

08- 

34 

46 

55 

05- 

38- 

55- 

10 

28 

27- 

22- 

;,v 

28 

54 

10- 

33- 

51- 

11- 

38 

16 

48. 

03 

49 

52  ■ 

52 

07 

36 

18 

36 

20 

14 

27 

47 

06 

37 


8. 

45  03-66 

61  

29  52-57 

11  

43  53-62 

54  

14  

15  55-34 

56  

16  

17  47-35 

04  

41  

56  37-77 
49  36-56 

18  32-35 

16  07-40 
39  37-64 
28  03-52 

92!  

65|  

55 

20  20-45 
IS  47 ■ 45 

55  

83  

24  1 

07  5S-22 

48|  

94  02  09 

16  

07  


s.      h.  m.  s 


9-21 


9-28 


9-19 


9-19 


9-18 


9-21 
907 
10-17 
9-24 
9-25 


9-27 


9-15 


9-15 


49  29-76 
87  24-10 
12  36-42 
16  56-39 
07  15-43 
52  47-01 


44-  25  53-61 

08-36]  

28-26  37-67 

45-  93  55-32 
39-84  49-23 

55-35  

34-96|  

37-86  47-34 
45-02  54-51 


9-27 
9-23 
9-30 
9-23 
9-36 
9-49 

9-36 


9-39 
9-39 


9-20 


18  04  03 
06  49 
12  52 

18  25 

19  53 

21  17 

22  43 
33  55 

43  04 

44  14 
46  47 

■48  04 
49  19 
52  37 
55  36 


9-21 


9-22 


19  04  07 
13  37 
15  03 
17  20 
20  42 

52  00 

53  20 

54  47 

57  25 

58  58 

20  02  12 
12  58 
17  01 
19  02 

24  16 

25  45 
30  27 
32  45 
35  29 
38  24 

42  36 

43  56 


9-38 


is 


9-48 


19  53 

21  17 

22  37 
33  55 
41  49 

43  04 

44  44 
46  47 
49  54 


65 
81 
49 
31 
63 
74 
34 
35 
76 
36 
37 
24 
(il 
76 
69 


36 
60 
49 
13 
86 
76 
41 
39 
76 
04 
45 
29 
70 
16 
38 
29 
70 
88 
71 
09 
34 
38 


63 
74 
64 
31 
22 
73 
34 
24 
40 


Clamp  East.  1^0.    Adopted  Ar+m=9-204+-0094  (T-191"  00"). 

41—19.    Adopted  Ar+m=9-394+-0102  (T-19h  45-). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  191J 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


=  . 

So 


Object 


Notes 


B.J.  711  

B.J.  713  

51  H.  Cephei.. 

B.J.  719  

19  Lvrae  

B.J.  725  

B.J.  726  

159  B.  Lvrae . . 
21  B.  Vulp.... 

4  Cygni  

o  Vulp  

B.J.  732  

8  Cygni  

Sagittae.  .. 

/S  Sagittae  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae  

<t>  Aquilae  

B.J.  765  

40  Cygni  

41  Cygni  

w1  Cygni  

B.J.  768  

f  Delphini  

B.J.  771  

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784....... 

76  Draconis . . . 
220  H'.Drac... 

B.J.  788  

/'Cygni  

B.J.  792  

B.J.  793  

B.J.  797  

B.J.  799  

v  Cvgni  

B.A.C.  7504.. . 

69  Cygni  

B.J.  "807  

72  Cygni  


L.C.nr 
r 


«  Urs.  Min. 
B.J.  681.... 


Time  of 
Observed 
Transit 


N 


IS  52 
55 
58 

19  03 
08 
13 
14 
15 
21 
22 
24 
26 
28 
33 
36 
39 
40 
42 
43 
44 
51 

20  IS 
24 
25 
27 
28 
30 
33 
34 
35 
38 
39 
42 
43 
49 
51 
53 
56 

21  01 
02 
08 
11 
14 
17 
21 
25 
30 


C'oi.i.. 


(Polar 
Dev.) 


0  5 
HO 


8. 

27-  58 
26-63 
36-63 
57-40 

11-  07 

28-  02 
53  07 
49-54 

34-  55 

46-  66 

49-  91 

57-  74 
L7-76 

05-  45 

52-  87 

50-  67 

53-  93 
01-63 
15-00 

51-  41 
51  17 

52-  00 

06-  34 

35-  40 
OS -31 

47-  51 

58-  66 

12-  39 
22-61 
20  06 
13  S6 
OS  OS 
26-42 
46-37 
00-33 
3317 
41-21 
38-00 
31-52 
4419 

58-  75 
04- 12 
1 1.",  js 
28-93 
5S-57 

59 -  SI 
5S-16 


•046 
(-700) 


18  00  57-80 
03  52- 19 


•047 

(-679) 


8. 


335 
=S  2 


=  = 
*-  4- 


8. 


2S-35  37-75 

27-  17  36-55 
22-48  32-75 
5S-00  07-3S 
11-52!  

28-  22  37-63 
54-05  03-50 

50-241  

34-95 
47-26 


9-40 

9-  38 

10-  27 
9-38 


9-41 


50-31 
58-1907-56 
IS -33 


9-37 


05-  72 

53-  16 
5109 

54-  55  03-93  9-38 
02-43  11-87  9-44 
15-30  24-62  9-32 
51-72  

51-  37|  

52-  69  02-OS  9-39 

06-  98;  I  

35-891  1  

0915  

47-70  57-09;  9-39 

58-  91  1  

12-59  22-00  9-41 

22-95'.  |  

20-33  29-75  9-42 
14-66  24-09 
OS-33  17-72 
26-98  36-42 
46-91  56-39 
05-71  15-35 
37-45  46-96 
41-91  51-33 

3S-S0  1 

32 -29  41-74 
44  S3  54-22 

59-  23  08-59 

04-  75  14-17 

05-  85  

41-55  50-7S 

59-17,  

00-5S  1002 
58-80,  


09S9  20-71 
52-62  03-55 


<  1 


9-43 
9-39 
9-44 
9-4S 
9-64 
9-51 
9-  12 


9-45 
9-39 
9-36 
9-42 


9-23 


10 -S2 
10-93 


8. 

9-39 


9-40 


9-41 


10-95 


Clamp  East.  1—47.    Adopted  ±T+m  =9-3944-  0102  (T-19h  45"). 

4S,  49.    Adopted  AT+m  =  10-9654-  0120  (T-19h  00"'). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


a 

si 


X 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


5~ 


.  o 


<  c 
K  2 


=  8 

s  + 

< 


5  S 


App.  R.A. 
from 
Obser- 
vation 


1910 

Aug.  261  1 
2 
3 
4 
5 
6 
7 
8 
9 
Hi 
11 
12 
13 
14 
15 
16 
17 
|  18 
19 
20 

.  21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 


40  Draconis . . . 

B.J.  6S4  

446  B.  Here.  .. 

B.J.  690  

>  Lyrae  

B.J.  694  

B.J.  699  

B.J.  703  

Ill  Herculis.. . 
204  B.  Drac..  . 

B.J.  705  

B.J.  707  

B.J.  711  

B.J.  713  

51  H.  Cephei..  L.C.,nr 

B.J.  719  

19  Lvrae  

B.J.  725  

B.J.  726  

b  Aquilae  

21  B.  Vulp.... 

4  Cygni  

a  Vulp  

B.J.  732  

8  Cvgni  

B.D.  49-3059.. 
B.J.  73S  

14  Cygni  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743   

t  Sagittae  

<t>  Aquilae  

B.J.  750  

B.J.  752  

15  Vulp  


Aug.  29  38  ^  Draconis . . 

39  5  Urs.  Min... 

40  B.J.  6S1  

41  40  Draconis. . 

42  B.J.  684  

43  446  B.  Here  . . 

44  B.J.  690  

45  m  Lvrae  

46  BJ.  693  

47  B.J.  695  

48  B.J.  699  

49  B.J.  703  


h.  m. 

N  118  06 
12 
18 
19 
21 

33 
41 
42 
44 
46 
49 
52 
55 
58 
19  03 
08 
13 
14 
20 
21 
22 
24 
26 
28 
33 
33 
36 
39 
40 
42 
43 
44 
51 
53 
54 
57 


X 


33-92 

40-  87 
1400 

42-  26 
06-04 
25-24 

43-  64 
37-91 
53-50 
32- 19 

35-  74 

41-  99 

25-  86 
25  02 
38  04 

55-  76 
09-32 

26-  33 
51-27 

31-  69 

32-  97 
45  03 
4S-24 

56-  11 
1611 
21-36 

51-  79 
21  03 
4911 

52-  29 
00-03 

13-  29 
49-81 
49-56 
OS -32 

36-  12 

14-  34 


17  56  31-84 
IS  00  54-S3 
03  51-21 
06  32-27 
12  39-77 

18  12-98 

19  41-34 
21  05  07 

21  50-49 

22  28-14 
33  42-67 
41  36-95 


•047 

(-679) 


-044 
•711) 


37 
41 
11 
4l> 

(Hi 

26 
44 
38 
53 
33 
36 
43 
26 
25 
24 
56 
09- 
.v.. 
52- 
31- 
33- 
45- 
48- 
56- 
16- 
22- 
52- 
21- 
49- 
52- 
00- 
13- 
50- 
49- 
09- 
36- 
-14- 


99 
56  52-42 

34  

58  53-52 

67  

45  37-47 
25  55-21 

21  49-15 

■77  

■17  

25  47-25 

22  54-32 
58  37-63 
51 '36 -46 
32  35  07 
32|07-29 
79 
5137-58 

26  03-36 
87 
33 
59 
60 
53  07-49 
63 
25 
6S  03-70 
72 
49 
88  03-86 
78|ll-78 
5(124  -5s 

09  

74  

28120-32 
41  47-40 
75 


10  S6 
10-94 


10-96 
10-94 


1100 


34  16 
07  44  19-41 

51-  65  03-50 

36-  51 

40-  49  52-36 
13-34 

41-  67  53-48 
05-71 

52-  71 
30-55 
43-30  55-15 

37-  26  49-11 


11-05 
10-95 
10-75 
10-97 


1107 


10-96 


10-98 
1100 
1102 


10-99 


11-99 
11 -S5 


11-87 


11-81 


11-85 
11-85 


s.  h.  m.  s 
10-95 


10-96 


10-98 


11-84 


10-97 


11-85 


18  06  48 

•94 

12  52 

•52 

IS  25 

■30 

19  53 

•54 

21  17 

63 

22  37 

41 

33  55 

•21 

41  49 

1. 

43  04 

73 

44  44 

13 

46  47 

21 

49  54 

18 

52  37 

54 

55  36 

47 

19  04  07 

29 

OS  20 

76 

13  37 

48 

15  03 

23 

20  42 

M 

21  44 

oil 

22  56 

56 

24  59 

57 

27  07 

50 

28  27 

60 

33  33 

22 

34  03 

65 

36  32 

69 

40  00 

46 

41  03 

85 

42  11 

75 

43  24 

53 

45  01 

06 

52  00 

72 

53  20 

26 

54  47 

39 

57  25 

73 

17  56  46 

00 

18  04  03 

49 

06  48 

35 

12  52 

33 

18  25 

18 

19  53 

51 

21  17 

55 

22  04 

55 

22  42 

39 

33  55 

14 

41  49 

11 

Clamp  East.  1—37.    Adopted  ^r+m  =  10-965+-0120  (T-19b  00"). 

38  -  49.    Adopted  A7"+ro  =  11  -856  +  0131  (T-19h  30-). 
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3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE—  Continued 


c  . 


Object 


Coll.  £ 


Notes  « 


Time  of 
Observed 
Transit 


i  Polar 
Dev.) 


2S  o£ 
«u  .5 


g  s 


|  + 
<  1 


App.  R.A. 
from 
Obser- 
vation 


h.  m.  s. 


B. 


S. 


S. 


1  111  Herculis... 

2  Bradley  2382.. 

3  B.J.  705  

4  Groom.  2719  .. 

5  50  Draconis . . . 

6  B.J.  711  

7  B.J.  713  

8  51  H.  Cephei..  L.C.nr 

9  B.J.  719  

10  XUrs.  Min.  .  . 

11  B.J.  726  

12  B.J.  729  

13  ftAquilae.... 

14  21  B.  Vulp. . . 

15  4  Cygni  

16  B.D.  76-734.. 

17  B.J.  734  

18  8  Cygni  

19  B.D.  70- 1073. 

20  B.D.  49  3059.. 

21  B.J.  738  

22  14  Cygni....  . 

23  10  Vulp  

24  B.J.  740  

25  B.J.  742  

26  B.J.  743  

27  fSagittae  

28  B.J.  747  

29  \<t>  Aquilae. .. . 

30  B.J.  750  

31  B.J.  752  

32  15  Vulp  

33  B.D.  69- 1084. 

34  Groom.  1119.  .  L.C.nr 

35  176  B.  Cygni . . 

36  B.J.  765  

37  40  Cygni  

38  j41  Cygni  

39  w'  Cygni  

40  B.J.  768  

41  Groom.  3241 . . 

42  B.J.  770....... 

43  74  Draconis . . . 

44  B.J.  777  

45  I  B.J.  780  

46  B.J.  784....... 

47  76  Draconis . . . 

48  i220  H'.Drac... 

49  B.J.  788  

50  Bradley  2748. . 


N 


18  42 
43 
46 
47 
49 
52 
55 
58 

19  03 
10 
14 
17 
20 
21 
22 
24 
26 
28 
31 
33 
33 
36 
39 
40 
41 
43 
44 
48 
51 
53 
54 
57 
58 

20  08 
16 
18 
24 
25 
27 
28 
30 
32 
34 
38 
42 
43 
48 
51 
53 
55 


52-54 
59-53 

34-  76 
49  09 

04-  31 
24-92 
24  06 
38-17 
54-79 
18-74 
50-30 

05-  21 
30  -78 
32  02 
44-12 
33-83 
56  15 
15-20 

31-  96 
20-34 

50-  86 
20-06 
48-16 

51-  42 
59  04 

12-  40 
48-86 
17-46 

48-  68 
07-38 

35-  28 

13-  43 
43-S5 
46-71 
49  07 

49-  45 
03-79 

32-  92 
05-69 
45  00 
12-91 
30-79 
29-83 
11-37 
23-91 
43-96 
57-35 
29-98 
38-63 
37-12 


•044 
(•711) 


11-  85 

12-  63 
11-87 
12  03 


81  1  

68  

29  47-20  11-91 

70l  

18  

67  37-57  11-90 
57  36-42 
S4  36-47 
37  07-24 

77  13-80 
33  03-29 

69  1 

97  1 

40 
70  . 
93  . 
15. 
74!. 
12 
26  . 

78  03-64 


/»  

55  

02  03  S2 
8211-73 
67  24-56 

14  ... 
54  .  .  . 
86  .  .  . 
38  20-26 
57  47-38 

85  

93  

03  20-71 

71  

1101-99 

41  

38  

57  

15  57-06 

26  

52  

43  

15  24  01 
45  36-38 
54  56-34 
SO  14-70 

31  

30  51-28 
04  


11  -SO 
11-91 
11-89 


11-81 


10-  68 

11-  88 


11  ss 


11-86 
11-93 
11-80 
11-90 


11-98 


11-85 


h.  m.  s. 

18  43  04-66 
44  13-53 
46  47-14 

48  03-55 

49  19  03 
52  37-52 
55  36-42 


19  04  07-22 


11-86 


15  03-18 
17  19-54 

20  42-82 

21  44-27 

22  56-55 
24  48-78 

27  12  01 

28  27-60 
31  45-98 

33  33  12 

34  03-64 
36  32-64 

40  00-41 

41  03-88 

42  11-68 

43  24-53 
45  01  00 
48  31-40 

52  00-72 

53  20-24 

54  47-43 

57  25-71 

58  57-79 


11-87 


20 


17  01-58 
19  01-98 

24  16-28 

25  45-25 

27  18-44 

28  57  05 
30  27-13 
32  45-39 
34  46-30 
38  24-02 

42  36-32 

43  56-41 


51  46-18 
53  5117 
55  51-91 


Clamp  East. 


1—50.    Adopted  A7H-,m  =  11-S56+-0131  (T-19b  30"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  .MERIDIAN  CIRCLE— Continued 


Date 


Object 


Notes  » 


-2 

o 


Time  of 
Observed 
Transit 


Coll.  .t5 


a -a 
=  S 


(Polar 
Dev.) 


•<  c 


^  -4- 


=  < 


"2  s 
§•+ 
<< 


App.  R.A. 
from 
Obser- 
vation 


1910 
Aug.  31 


Sept.  1 


1  B.J.  757  

2  !  B.J.  760  

I   3  1176  B.  Cygni.. 

4  B.J.  765  

5  40  Cvgni  

6  41  Cygni  

7  ;»» Cygni  

S  B.J.  76S  

9  f  Delphini  .... 

10  B.J.  770......  . 

!  11  1 74  Draeonis. . . 

12  B.J.  777  

13  B.J.  778  

I  14  B.J.  780  

!  15  B.J.  784  

16  76  Draeonis . . . 

17  B.J.  788  

18  !  Bradley  2748.. 

19  jB.J.  792  

20  B.J.  793  

21  p  Cygni  

22  Groom.  3409.  . 

23  I  B.J.  798  

,  24  B.J.  799  

25  V  Cygni  I 

i  26  B.A.C.  7.504. .  nr 

!  27  69  Cvgni  

,  28  1  H.  Draeonis  L.C.,nr 

29  B.J.  809  

30  p  Cvgni  

31  B.J".  811  

32  B.J.  S13  

33  B.J.  817...... 

34  78  Draeonis . . 

35  B.J.  S21  

36  14  Pegasi .... 

37  B.J.  823  

38  Bradley  2S6S. 

39  79  Draeonis...! 

40  Bradlev  2897. . 

41  B.J.  831  

42  B.J.  833  1 

43  B.J.  835  1 

44  B.J.  S36  

45  1  H.  Lacertae 

46  jB.A.C.  3495...  L.C.nr 

47  B.J.  693  

48  B.J.  700  

49  Bradley  2382. . 


N 


20  10 
12 
16 
18 
24 
25 
27 
28 
30 
32 
34 
38 
39 
42 
43 
48 
53 
55 

21  01 
02 
03 
05 
09 
11 
13 
17 
21 
24 
27 
30 
33 
35 
40 
41 
43 
45 
48 
49 
51 
56 

22  02 
05 
05 
07 
09 
16 


18  21  49 
33  51 
43  58 


63 
35 
49 
'.•1 
28 
37 
11 
41 
60 
52 
17 
77 
10 
37 
30 
59 
10 
68 
17 
16 
09 
69 
:,1 
Hi 
99 
57 
.").-> 

7(1 

72 
67  j 
S4 
96 
16 
11 
23 
44 
96 
78 
45 
79 
64 
7C 
80 
18 
51 

34 
.".4 

30 


12-42 


12-43 


s.     Is.   !  s.  |     s.  s. 

■043    37-45  49-93    12-41 

•710)  45-72  58-14  12  42 

49-121  

49-57  01-97  12-40 

03-  90  

32-  83  

05-99  

44-5S  57-05  12-47.. 

55-  82  

33-  24  

!33-75j  

11-55  23-99  12-44 
05-3217-69  12-37 
23-9136-36  12-45 
43-S8  56-32  12-44 
02-02  14-48  12-46 

38-  77  51-26  12-49 

39-  58  

29-21  41-67  12-46 
41 -7S  54- 18  12-40 
'19-93  

41-  88  

20-81  33-29   

01-71  1413  12-42 

42-  62  

36-3149-20  12-89 

56-  13  

04-  73  17-27  12-54 

20-79  

25-51:  I 

10-33  22-75  12-42 

00-0212-62   

27-13  | 

49-45  

18-00  30-45!  !  

41-68   12.44 

47-S3  00-32  12-49 

55-08   1  

35-27   1  1 

51-16  I 

39-17  51-59  12-42 
04-15  16-66  12-51 

49-  27  01-69  12-42 

34-  00  46-46   

50-  82  

23-94  36-60  12-66 


h.  m.  s. 


20  10 
12 
17 
19 
24 
25 
27 
28 
31 
32 
34 
38 
39 
42 
43 


49-86 
58  13 
01-53 
01-99 

16-  32 
45-25 
18-41 
57-00 
08-24 

45-  66 

46-  17 
23-97 

17-  74 
36-33 
56-30 


53  51-19 
55  5200 
21  01  41-64 

02  54-21 

03  32-36 
05  54-31 
09  33-24 
11  14-14 
13  55  05 


22  08-56 


•056 
(•723) 


27 
30 
33 
36 
40 
42 
43 
45 
49 
50 
51 
57 
22  02 
05 
06 
(17 
10 


33-22 
37-94 
22-76 
12-45 
39-56 
01-8S 
30-43 
54-12 

00-  27 
07-52 
47-71 
03-60 
51-61 
16-59 

01-  71 
46-44 
03-26 


51-56   1   12-81  18  22  04-37 

54-91    34  07-72 

00-46   1   12-82       44  13-28 


Clamp  East.  1—46.    Adopted  Ar+m  =  12-427  +  0138  (T-21h  10"). 

47-^9.    Adopted  Ar+m  =  12S364-  0142  (T-20h  10°"). 
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DEPARTMENT  OF  THE  INTERIOR 


i  GEORGE  V..  A.  19U 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CI  KCLE— Continued 


CO 
t— 

<  c 

=  1 

a  . 

.8*5 
o 


Objkct 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


5- 

<—  I— 

c.  s 


h.  m.  s. 


s. 


s. 


s. 


1 

2 
3 
4 
5 
6 
7 
s 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 
25 
26 
27 
2s 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
11 
42 
43 
44 
45 
46 
47 
48 
49 
50 


B.J.  705  

Groom.  2719 .  . 

50  Draeonis. .. 
B.D.  79-604..  . 
B.J.  714  

51  H.  Cephei..  L.C.,rn 

B.J.  719  

X  Urs.  Min. . . 

B.J.  726  

B.J.  729  

4  Cygni  

B.D.  76-734. 

B.J.  734  

8  Cygni  

B.D.  70- 1073. 
B.D.  49-3059. 

B.J.  738  

14  Cygni  

B.J.  740  

B.J.  742  

B.J.  759  

|l76  B.  Cvgni. 
B.J.  765  

40  Cvgni  

41  Cygni  

w1  Cygni  

Groom.  3241 . 

B.J.  770  

74  Draeonis.. 

B.J.  777  1 

B.J.  780  r 

B.J.  784....... 

76  Draeonis . . .  rn 
220  H1.  Drac.  rn 

B.J.  7SS  

Bradley  2748. 

B.J.  792  

P  Cygni  

Groom.  3409. 

B.J.  795  

B.J.  798  

B.J.  799  

a  Cygni  

Bradlev  2796. 
69  Cygni.. . . . 
1  H.  Draeonis  L.C.,rn 

B.J.  807  

B.J.  809  

P  Cygni  

B.J.  811  


18  46 
47 
49 
51 
55 
58 

19  03 
10 
14 
17 
22 
24 
26 
28 
31 
33 
33 
36 
40 
41 

20  11 
16 
18 
24 
25 
27 
30 
32 
34 
38 
42 
43 
48 
51 
53 
55 

21  01 
03 
05 
07 
09 
11 
13 
16 
21 
24 
25 
27 
30 
33 


33-72 
47-72 
02-96 
44-92 
16-92 
39-59 

53-  75 
12-39 
49-31 
04  02 
43  04 
32-53 

54-  90 
14  10 
30-71 
19-27 

49-  77 
1904 

50-  27 
57-98 
42-99 

47-  97 

48-  47 
02-74 
31  -82 
04-70 
11-S5 
29-65 

28-  50 
10-30 
22  -lis 
42-78 

55-  SO 
2s -62 
37-67 
36  07 
27-95 
1S-60 
39- 19 
ot;.'_>s 
19-07 
00-61 
41-46 

29-  51 
55  06 
onus 

56-  27 
IS-  19 
24-32 
09- 11 


•056 
(•723) 


::ol7- 14  12-84 

33  '  

83  1  

09  

14  

79  37-97 
38  07  19 
7809-81 
34  03-21 

51  1 

67 
62  . 
91  . 


13  ■  IS 
12-S1 
1303 


87  

26  

69  03-57 

75  

93  03-77 
82  11-67 

35  

67  

13  01-95 

42  

34  

58  

19  

38  

24  

14  23-97 
50  36-35 
41  56-31 
43  14-37 
09  46-21 
40  51-25 

98  

7641-66 

44  

39  

73  

38  33-27 
28  14-13 

16  

£6  

69  

09  17-37 
07  09-98 

28  

17  

S3  22 -74 


12 -SI 
12-85 


12-82 


12-S3 
12-85 
12-90 

12-  94 

13-  12 
12  >.-> 


12-90 


12-85 


13-28 


8. 

12-82 


12  s;i 


12-84 


12-85 


12- 


12-91 


Clamp  East. 


1—50.    Adopted  Ar+m  =  12-836+  0142  (T-20b  10-). 
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SESSIONAL  PAPER  No.  25a 

TABLE  I'll. 

REDUCTIOX  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Z  ° 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


gT3 


°  8 


"32 


=  s 

a  . 
~  4- 


App.  R.A. 
from 
Obser- 
vation 


1 

2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
41) 
41 
42 
43 
44 
45 
46 
47 
4s 
49 


B.J.  813  

B.J.  817  

78  Draconis . 

B.J.  821  

Bradley  2868 

79  Draconis . 
Bradley  2897 


B.J.  703  

Ill  Herculis.. 
Bradley  2382. 

B.J.  705  

Groom.  2719. 

50  Draconis . . 
B.D.  79-604.. 
B.J.  714  

51  H.  Cephei. . 

B.J.  719  

XUrs.  Min  

B.J.  726  

b  Aquilae  

21  B.  Vulp... 

4  Cygni  

a  Vulp  

B.J.  732  

8  Cygni  

B.D.  49-3059. 
B.J.  738  

14  Cygni  

1 10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae  

<t>  Aquilae  

B.J.  750  

B.J.  752  

15  Vulp  

b-  Cygni  

20  Vulp  

B.J.  757  

B.J.  760  

176  B.  Cygni . 
B.J.  765  

40  Cygni  

41  Cygni  

w1  Cygni  

B.J.  768  

f  Delphi ni.. . . 
B.J.  771  


iL.C. 


N 


21  35  58 

40  24 

41  46 
43  16 
49  53 
51  32 

56  47 

18  41  35 

42  51 

43  57 

46  33 

47  47 
49  02 
51  44 
55  16 
58  39 

19  03  53 
10  OS 
14  49 

20  29 

21  30 

22  42 
24  k; 

26  53 
28  13 
33  19 
33  49 
36  18 

39  46 

40  50 

41  57 

43  11 

44  47 
51  47 

53  06 

54  33 

57  12 

20  05  53 
OS  02 
10  35 
12  44 
16  47 
18  4S 

24  02 

25  31 

27  04 

28  43 
30  55 
33  OS 


s. 


54 
59 
49 
69 
52 
06 
69 

63 
17 

92 

47 

49 

63 

47 

57 

67 

39 

02 

M 

44 

69 

76 

04 

'il 

82 

01 

47 

75 

85 

01 

69 

21 

62 

41 

04 

97 

(is 

35 

7S 

92 

651 

64 

17 

56 

53 

34 

82 

01 

66 


■056 
(-723) 


■041 

(■758) 


s. 

7l[l2-61 

77  

94  

5830-44 
64 
57 
:,s 


s.      h.  m.  s. 

12-86  21  36  12-57 
40  39-63 

42  01-80 

43  30-44 

50  07-50 

51  47-43 
57  03-44 


95  49  05 
46  ... 
20  ... 
02  47  12 
26  . . . 
67  . . . 
89,... 
90  .  . . 
44  38-44 
00  07-17 
60  08-56 
13  03-18 
64  . . . 
09  . . . 
37  .  .  . 
44  ... 
3607-40 
39  ... 


13- 10 


13  10 


14-00 
1317 
14-96 


1304 


44  03-55 
51 
26 
65  03-76 
51  11-65 
50  24-51 

92  

60  

09120-17 
28  47-34 
52 
97| 
20| 
79  49-90 
04158- 12 
31 
S7  01-94 
22 
02 
27 

00 

25 
S'.l 


13-11 
13-14 
13  01 


1306 


57  04 


21-95 


13 -OS 
13-07 


13  08  IS  41  49  03 

43  04-54 

44  13-28 
46  47-10 

48  03-34 

49  18-75 
52  01-97 
55  31-98 


1309 


19  04  07-08 


13- 10 


1304 


1306 


1311 


15 
20 
21 
22 
24 
27 
28 
33 
34 
36 
40 
41 
42 
43 
45 
52 
54 
54 
57 
20  06 
OS 
in 
12 
17 
19 
24 
25 
27 
28 
31 
33 


03-22 
42-73 

44-  18 

56-  46 
59-53 

07-  45 
27 -4S 
33-07 
03-53 
32-60 
00-35 
03-74 
11-60 

24-  59 
01  01 

00-  70 
20-19 
47-38 

25-  62 
07  07 
16-30 
49-89 
5S-14 

01-  41 
01-97 
16-32 

45-  12 
18-37 

57-  10 

08-  36 
22  00 


Clamp  East.  1—7.    Adopted  Ar+m  =  12-S36+-0142  (T-20h  10"). 

S^9.    Adopted  A T+m  =  13- 09S+- 0145  (T-20h  00"). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continucd 


g 

5 

a  . 

£o 

v 
« 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


°  3 


<  = 
c 


=  5 


v  K 

C.+ 

0  r 

T3  hi 

<  <1 


App.  R.A. 
from 
Obser- 
vation 


1 

2 
3 
4 
5 
6 
7 
8 
9 
in 
11 
12 
13 
U 
15 
16 
17 
18 

19 
'JO 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
:is 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784..... 
76  Draconis . 
220H'.Drac. 

B.J.  788  

P  Cygni.... 

B.J.  792  

B.J.  793  

B.J.  799  

<r  Cygni  

B.J.  S04  

69  Cygni  I 

1  H.  Draconis  L.C.,nr 
B.J.  S07  


N 


19. 
21. 


B.J.  891 

k  Andromedae 
i>  Andromedae 
B.J.  898. 
B.J.  899. 

Bradley  1672. '.  L.C 

B.J.  18  

B.J. 
B.J. 

B.J.  25  

B.J.  27  

v  Cass  

"  Andromedae 
322  H.  Camel.  L.C 
B.J.  33... 
h  Piscium. 
43  H.  Cephei.. 
,72  Piscium 

m  Cass  

B.J.  42.... 
X  Piscium . 
B.J.  45.... 
/  Piscium. 
B.J.  48.... 
w  Andromedae 
a  Urs.  Min 
B.J.  57.... 
2  Persei. .. 
B.J.  66.... 
.B.J.  73.... 


,nr 


,nr 


nr 


20  34 
35 
38 
39 
42 
43 
48 
51 
53 
56 

21  01 
02 
11 
13 
17 
21 
24 
25 

23  33 
35 
41 
47 
49 
52 

0  14 
31 
33 
35 
39 
42 
43 
44 
48 
51 
52 
56 

1  00 
03 
04 
06 
14 
15 
19 
22 
26 
37 
46 
49 
58 


•041 

(-758) 


•053 
(•691) 


65  29-70 
79  23-96 
56  17-07 
15  36-34 
17  56-30 
09  14-27 
88 

06  51-24 

93  

47  41-65 
On  54-16 
94  14-12 
90 
62  57-74 

35  

33  17-46 
83  09-97 

4645-68 
64 

59 


13  05 
13-17 
1311 
13  19 
13  13 
13- 18 


1311 


13- IS 


h.  m.  s. 

20  34  32-39 
35  29-76 

38  23-90 

39  17-67 

42  36-26 

43  56-28 


13-18 
13-08 
13-18 


13  12 


1312 


13-13 


15-22  15-16 


15-21 
15-20 


70  56-89  15-19 

55  55-76   

49  

7701-45  14-68 
47  06-68 
0L50-21 
19  26-42 

67  44-9l|  

10  36-30  15-20 

88  

02'  

61  20-86  15-25 
49  47-69  15-20 
89  


15-17 


15-40 


34  28-74 
32.. 
44|. . 
59  43-76  15-17 

99  

1533-32  15  17 

741  1  

81  58-12   

28 

7837-27  14-49 

12  03-37   

89|  

98  42-15  15-17 
37  24-57  15-20 


15 -IS 


51  45-99 
53  51  17 
56  48  04 
21  01  41-58 
02  .54  - 19 
11  1406 
13  5.V02 
17  57-74 
22  08-47 


26  09  95 

23  33  45-62 
36  00-80 
41  36-75 
47  56-86 
49  55-71 
53  12-65 


0  32  06-64 
33  50- 18 
35  26-36 
39  44-84 

42  36-27 

43  4  2  05 

44  53  19 


51  47-66 
53  00  06 


1  00  22-50 

03  19-62 

04  43-77 
06  39  17 
14  33-33 
16  10-92 
19  57-99 
22  1S-46 


15-19 


3S  03-30 
46  28  08 
49  42-17 
59  24-56 


Clamp  East.  1—18.  Adopted  Ar+m  =  13-09S+-0145  (T-20h  00"). 

19—19.    Adopted  AT+m  =  15- 1794-  0125  (T-lh  15"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Date. 


Object 


K  o 


Notes  g 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


«—  =2 
O 
.  X 

<  a 

2h  o 
a 


App.  R.A. 
from 
Obser- 
vation 


1910 
Sept.  7 


Sept.S 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  74  

B.J.  75  

B.J.  77  

B.J.  79  

t  Arietis  

27  Arietis 

B.J.  89  

B.J.  93  

39  Arietis 

B.J.  99.  

ff  Arietis  

B.J.  103  

e  Arietis  

B.J.  108  

B.J.  109  

B.J.  112  

Groom.  22S3. 

f  Arietis  

t1  Arietis 


h.  m. 


L.C.nr 


a  Vulp  

B.J.  732  

8  Cygni  

B.J.  760  

176  B.  Cygni . . 
B.J.  765  

40  Cvgni  r 

41  Cygni  

u1  Cygni  

B.J.  768   

f  Delphini  r 

B.J.  771  

29  Vulp  

B.J.  771  

B.J.  777  

B.J.  780  

B.J.  784.......  r 

76  Draconis . . .  rn 
220  H'.Drac...  rn 

B.J.  788  

/'Cygni  

B.J.  792  

f  Cygni  

B.J.  798  

B.J.  799  

»  Cygni  

B.A.C.  7504...  rn 

69  Cygni  

1  H.  Draconis  L.C.,rn 
p  Cygni  


8 

01  52 
03  57 
07  23 
11  44 
19  46 
25  41 
33  28 
37  49 

42  19 

43  53 

46  17 

47  38 
53  50 

58  02 

59  10 

02  20 
05  44 
09  29 
15  4S 


19  24 
26 
28 

20  12 
16 
18 
24 
25 
27 
28 
30 
33 
34 
35 
38 
42 
43 
48 
51 
53 
56 

21  01 
03 
09 
10 
13 
17 
21 
24 
30 


8.  8. 


45 
58 
23 
15 
16 
30 
72 
19 
16 
70 
78 
47 
19 
46 
57 
38 
15 
95 
00 

62 
45 
42 
16 
35 
74 
18 
21 
00 
37 
HO 
21 
45 
96 
61 
29 
25 
76 
-1 
03 
78 
38 
9S 
43 
01 
16 
47 
49 
14 
70 


•053 
(•691) 


•055 
(•702) 


52 
58 
24 
44 
46 
41 
29 
50 
19 
54 
18 
30 
50 
03 
11 
21 
27 
30 

|44 
51 
12 
42 
46 
46 
00 
29 
02 
41 
52 
06 
16 
14 
08 
20 
40 
58 
30 
35 
32 
26 
16 
17 
58 
59 
32 
53 
02 
22 


15-18 
15-16 


1519 


83  08-01 
16  13-32 
12  39-33 
71  59-84  15-13 

35  

59   

08  44-26  15-18  15.00 

03  05-201  

63  

77  09-99!  

03  

43  54-62]  

53  

44  18-681..  

22  26-44  15-22 

23  36-35   

77  43-27  15-50 
29 
34  . 


15-42 


03  

9107-31  15-40 

00  

57  58-05  15-48 

03  

44  01-86  15-42. 

78  

71  

85'  

57  57  00  15-43 

81  

47  21-91  15-44 

80  

24  29-66  15-42 
43  23-88  15-45 
86  36-28  15-42 
81  56-24  15-43 
2313-72  15-49 
15  45-67  15-52 
74  51-17  15-43 
59 

1641-59  15-43  15-43 

79  

70  33-15 

65  14-08  is-43 

74  

30  47-70  15-40 

10  

3017-91  15-61 
53  


h.  m.  b 

2  02  08 

20 

04  13 

35 

07  39 

31 

11  59 

90 

20  01 

54 

25  56 

78 

33  44 

28 

3S  05 

23 

42  34 

83 

44  09 

97 

46  33 

23 

47  54 

63 

54  05 

73 

58  18 

64 

59  26 

42 

3  02  36 

43 

09  45 

49 

16  03 

54 

19  24  59 

44 

27  07 

32 

28  27 

41 

20  12  57 

99 

17  01 

45 

19  01 

86 

24  16 

20 

25  45 

13 

27  18 

27 

28  56 

99 

31  08 

23 

34  21 

SO 

34  32 

22 

35  29 

66 

38  23 

85 

42  36 

28 

43  56 

23 

53  51 

16 

56  4S 

01 

21  01  41 

■59 

03  32 

■22 

09  33 

■13 

11  14 

■08 

14  15 

•17 

22  08 

•53 

30  37 

■96 

Clamp  East.  1—19.    Adopted  Ar+m  =  15  179+-0125  (T— l*  15°). 

20—49.    Adopted  Ar+m  =  15-421  +  -0125  (T-20b  40°). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  191.1 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continucd 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 


i  iii.iu  r 


B.J.  811  

B.J.  813  

B.J.  816  

B.J.  821  

14  Pegasi .... 

B.J.  823  

Bradley  2868. 

13  Cephei  

B.J.  S26  


Notes 


50  Draconis. 
B.J.  712  

51  H.  Cephei..  L.C.,nr 

B.J.  719  

XUrs.  Min. . .  . 

B.J.  726  

B.J.  729  

b  Aquilae  

21  B.  Vulp.... 

4  Cygni  

B.D.  76-734.  . . 

B.J.  734  

8  Cvgni  

B.D.  70- 1073. 
B.D.  49-3059.. 
B.J.  738  

14  Cygni  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

t  Sagittae. . . . 

B.J.  747  

B.J.  750  

B.J.  752  

15  Vulp  

B.D.  69-1084.. 
69  Draconis...! 
Groom.  1119. .  ,L.C.,nr 
176  B.  Cygni 

B.J.  765  

41  Cygni.... 
w1  Cygni.  . 
Groom.  3241 

B.J.  770  

74  Draconis. 

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784  


Time  of 
Observed 
Transit 


a.  m.  s 

21  33  06 
35  55 
40  20 
43  14 
45  38 
48  44 
4'.)  .".I) 
51  37 
56  28 


N 


18  48 
55 
58 

19  03 
09 
14 
17 
20 
21 
22 
24 
26 
28 
31 
33 
33 
36 
39 
40 
41 
43 
44 
48 
52 
54 
57 
58 

20  01 
08 
16 
18 
25 
27 
30 
32 
34 
38 
39 
42 
43 


Coll. 


(Polar 
Dev.) 


•055 
(•702) 


•051 
(•737) 


L  — 

c.  -t- 

e  t 

O  g 

a 
X 


8. 


<  a 


<  < 


8. 


8. 


15-42 


16-37 
1.-.-S4 
16-84 


2*22-71  15-43 
97  12-53 

02  36-44 
94  30-40   

60  

90  00-31  15-41 

02!  I  

63!  

22  44-67  15-45 

46  

75  

12  41-49 
18  07-03 
4S  00-32 

22  02-98 

09  | 

81  . 
29  . 

55  . 

03  . 

14  . 
54  . 
48  . 

15  . 

57  03-38 

58  . 
43  . 

74  03-64  15-90 
69  11-51  15-82 
57  24-43  15-86 
01  . 

91  . 

2420-01 
40  47-26 
To  . 
47. 

23  . 

56  30-89 

53  . 

03  01-84 

22  . 
43  . 
86  . 
90  . 
62  . 

93  23-86 
8017-63 
42  36-27 
35  56-23 

I 


15-86 


17-33 


15-81 


15-93 
15-83 
15-S5 
15-88 


"c  S  j  App.  R.A. 
H.4-  from 


o. 
<  <1 


Obser- 
vation 


15-44 


15-83 


15-84 


15-85 


h. 

m. 

8 

21 

33 

22 

71 

36 

L2 

40 

40 

36 

15 

43 

30 

:<7 

45 

54 

03 

49 

INI 

34 

50 

07 

46 

51 

54 

117 

56 

44 

66 

18 

49 

Is 

29 

55 

31 

58 

19  04  07 

02 

15 

03 

05 

L7 

is 

92 

20 

42 

64 

21 

44 

12 

22 

56 

38 

I'l 

47 

86 

27 

in 

97 

28 

■-'7 

38 

31 

45 

32 

33 

32 

99 

34 

03 

11 

36 

32 

4_> 

411 

00 

27 

41 

03 

58 

42 

11 

.  to 

43 

24 

41 

45 

00 

85 

48 

30 

75 

52 

20 

08 

54 

47 

24 

57 

25 

59 

58 

57 

31 

20  02 

11 

117 

17 

01 

38 

19 

01 

V8 

25 

45 

07 

27 

18 

28 

30 

26 

71 

32 

44 

75 

34 

45 

47 

38 

23 

78 

39 

17 

66 

42 

36 

27 

43 

56 

.'0 

Clamp  East.         1—9.    Adopted  Ar+m  =  15-421  +  -0125  (T-20b  40"). 
10—49.    Adopted  Ar+m  =  15-8464-  0125  (T-20h  20"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 

2  o 

^2 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


X 

■Jl 


m 
t- 

_  =3 

o£ 
<  a 

c 


43 

<<3 


<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
Sept.  9 


m. 


1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Sept.  10  23 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


76  Draconis . . . 
220  H1.  Drac. 

B.J.  788  

Bradley  274S. . 

B.J.  793  

.f  Cygni  

Groom.  3409.  . 

B.J.  797  

B.J.  799  

0  Cvgni  

B.J."S04  

69  Cygni  

1  H.  Draconis 

B.J.  807  

B.J.  809  

P  Cygni  

B.J.  811  

B.J.  813  

B.J.  S17  

78  Draconis . . . 

B.J.  821  

14  Pegasi  

B.D.  69- 1084.. 
69  Draconis..  . 

2>!  Cygni  

30  Cygni  

B.J.  759  

176  B.  Cygni . . 
B.J.  765  

40  Cygni  

41  Cygni  

<■>'  Cygni  

Groom.  3241 . . 
B.J.  770....... 

74  Draconis... 

B.J.  777  

B.J.  782....... 

76  Draconis . . . 
220  H'.  Drac. 

B.J.  788  

Bradley  2748. . 

B.J.  792  

B.J.  793  

Groom.  3409 .  . 

B.J.  795  

B.J.  798  

B.J.  799  

'  Cygni  

B.A.C.  7504... 


X 


L.C. 


nr 
nr 


h 

20  48 
51 
53 
55 

21  02 
03 
05 
08 
10 
13 
17 
21 
24 
25 
27 
30 
33 
35 
40 
41 
43 
45 

19  58 

20  01 
05 
10 
11 
16 
18 
23 
25 
27 
30 
32 
34 
38 
42 
48 
51 
53 
55 

21  01 
02 
05 
07 
09 
10 
13 
17 


93 
91 
53 
66 
64 
50 
87 
is 
59 
46 
54 
98 
28 
16 
92 
19 
12 
18 
04 
36 
51 
63 

05 
S5 
.'3 
26 
13 
68 
10 
43 
50 
31 
16 
93 
29 
93 
^7 
61 
M 
34 
44 
62 
33 
71 
62 
71 
32 
20 


■051 

(•737) 


•056 
(•745) 


1701 


s. 

s. 

13-62 

1600 

51-16 

15-92 

54- 10 

15-81 

h.  m.  s. 


08-51  15-85 
14  06  15-83 


57-71  i5;86 


17-99 
09-91 


22-70 
12-51 


30-39 


20 
00 
s;i 
11 

59|  

39 

7M  H  v.1 

13  

03  

22 


15-76 


15-88 


1604 


16-11 
16  08 
16  05 


Of  

74  

03!  

79  23-84'  1605 

08  09-23 

40  13-51 

41  45-49 

09  51-14 

44'  

45  41-56  16-11 
0354  09  16  06 

98|  

17|  

05  33- 11   

0014  05  16  05 

9ll  

5S  47-30  16-72. 


15-85 


20  51  45 

53  51 
55  51 

21  02  54 
15-86  I     03  32 

05  54 
09  OS 
11  14 
13  54 
17  57 
22  08 


1601 


16-02 


26  09 

27  32 
30  37 

33  22 
36  12 
40  39 

42  01 

43  30 
45  53 

19  58  57 

20  02  11 
06  06 

10  30 

11  58 
17  01 
19  01 

24  16 

25  45 
27  IS 
30  26 
32  44 

34  45 
38  23 
43  09 


16  03 


53  51 
55  51 
21  01  41 
02  54 
05  54 
07  22 
09  33 
11  14 
13  54 


Clamp  East.  1—22.    Adopted  AT+m  =  15-846  +  0125  (T-20h20m). 

23  -  49.    Adopted  AT+m  =  16-033  +  0125  (T-21b40m). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V..  A.  19IJ 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 

±  y. 

3 


Object 


Notes 


— 

O 


Coll. 


Time  of 
Observed 
Transit 


(Polar 

Dev.) 


_  * 

<  c 
—  z 


a  fc 

s+ 

03  T 

1+ 

lb 

<< 

App.  R.A. 
from 
Obser- 
vation 


1910 
Sept.  10 


h.  m.  s 


Sept.  13 


69  Cygni  

1  H.  Draconis 

B.J.  807  

B.J.  809  • 

72  Cygni  

B.J.  Sll  

B.J.  813  

B.J.  817  

78  Draconis . . . 

B.J.  821  

Bradley  2868. . 

79  Draconis . . . 
Bradley  2897. . 

B.J.  S33  

B.J.  835  

B.J.  837  

1  H.Lacertae. . 
Bradlev2942.. 
B.A.C.  3495... 
30  H.  Camel.. 
B.D.  70- 1240.. 

28  Cephei  

B.J.  848  

29  Cephei... 
226  B.  Cephei 

B.J.  S51  

Groom.  3S57 

B.J.  858  

jB.J.  869  

15  Andromedae 

B.J.  874  

B.J.  875  

Bradley  3085.. 
Groom.  4033. . 
I  H.  Cass  


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

46  B.J.  740. 

47  B.J.  743.. 

48  fSagittae. 

49  <P  Aquilae. 


L.C.nr 


L.C.,nr 
L.C.nr 


b  Aquilae  

21  B.  Vulp.... 

4  Cygni  

B.D.  76-734... 

B.J.  734  

B.D.  70- 1073.. 
B.D.  49-3059. 

B.J.  738  

14  Cygni  

10  Vulp 


21  21 
24 
25 
27 
30 
33 
35 
40 
41 
43 
49 
51 
56 

22  05 
05 
07 
09 
11 
16 
19 
23 
25 
27 
28 
30 
33 
35 
39 
57 

23  03 
04 
08 
11 
13 
25 


19  20  26 

21  27 

22  39 
24  28 
26  50 
31  27 
33  16 
33  46 
36  15 

39  44 

40  47 

43  08 

44  44 
51  44 


s. 


s. 


B. 


81 
10 
00 
80 
43 
89 
24 
1)7 
31 
42 
33 
86 
59 
08 
04 
74 
49 
11 
85 
07 
■> 
92 
45 
44 
77 
92 
47 
29 
32 
67 
19 
41 
23 
76 
94 

74 
93 
96 
56 

69 
40 
27 
76 
89 
10 
26 
43 
81 
59 


•056 
(•745) 


•059 
(•752) 


62 
01 
53 
16 
52 
06 
56 
23 
15 

14 
.-,1 

31 
47 

00 
45 
52 
47 
02 
20 
51 
2S 
50 
21 
54 
29 
20 
05 
51 
33 
26 
50 
43 
12 
56 
39 

26 
28 
40 
31 
54 
29 
17 
47 
16 
44 
47 

08 
45 
44 


45 

9518  09  16  14 
82  09-90   

95j  

13  

63  22-69  16  06 
4512-50  

45  

68  

34  30-38   

48:  1  

441  

60  16-65  16  05 
62  01-69  16  07 

11  

21 1  

61  

77  37-26  16-49 
5607-68  16- 12 

46  

88' 

39  37-42  . 

18]  

81  j  

49  !  

33  

00  06-98  15-98 
10  49- 17  16  07 

581  |  

23 

60  59-66 
89 
60 
20 


8. 

16  03 


1604 


h.  m.  s. 
21  22  0S-48 


26 

09 

85 

27 

32 

9S 

31 

IIS 

16 

33 

22 

66 

36 

12 

48 

40 

39 

48 

42 

01 

71 

43 

30 

37 

50 

07 

52 

51 

47 

48 

57 

03 

43 

22  05 

16 

64 

06 

01 

66 

08 

08 

15 

10 

03 

26 

11 

18 

65 

1605 


98 
37 
62 
78 
86 
66 
22 

71  03 -27 

70  

55  

94  03-56  15-62 


1606 


23 
26 
27 
29 
30 
33 
35 
40 
57 
23  03 
05 
08 
11 
14 
25 


44-  50 
06-92 
37-43 
10-22 

45-  85 
36-53 
21-37 
07  05 
49-15 
42-63 
06-28 
59-65 
28-94 
12-65 
55-26 


24-37  15-65 


15-66  19  20  42-64 

21  44  03 

22  56-28 
24  47-44 
27  10-52 
31  45-32 

33  32-88 

34  03-37 
36  32-36 

40  00-21 

41  03-60 
43  24-38 
45  00-81 
52  00-48 


Clamp  East.  1—35.    Adopted  ^r+m  =  16-033+  -0125  (T-211"  40"). 

36—19.    Adopted  Ar+m  =  15-647- -0068  (T-21b  10°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


05 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


m 

S3  CJ 

- 


b.  m.  s. 

s 

19  54  31-21 

t/l      Vf»7  <_>VJ 

« 

58  39-27 

II 

on  01   ki  .er: 

a 

Ui)  U— 

u 

OS  00-00 

u 

Ui7  OS 

tt 

11  39-22 

u 

AO  ^tU  Q3 

u 

23  59-73 

a 

25  2S-90 

a 

27  01-60 

a 

2S  41-10 

u 

•30  08. '28 

OKJ  I/O  mj 

u 

32  26-00 

a 

34  16-20 

a 

•in  01  •  65 

a 

42  19-95 

tt 

*±o  us  oy 

tt 

TO  U  J.  <jo 

tt 

51  24-75 

a 

53  34-72 

H 

Ow  uu 

tt 

^±    Ul    -d  UO 

tt 

UO    1  <J  uo 

tt 

UJ  OU  VJ— i 

tt 

07  09.77 

tt 

JLU   iJ/     \Jt  ; 

U 

13  3S-58| 

tt 

16  25-91: 

tt 

17  41-65! 

tt 

21  52-161 

ft 

24  07-S6 

tt 

25  53-40 

tt 

30  51-81 

tt 

40  21-26 

tt 

41  43-62j 

tt 

43  13-S3 

tt 

45  37-83 

tt 

48  44-16 

u 

49  50-68 

a 

51  37-24 

a 

56  28-73 

tt 

57  43-10 

tt 

22  02  35-50 

a 

05  00-45 

tt 

06  01-24 

tt 

07  50  01 

tt 

09  46-84 

tt 

11  00-40 

03  ° 


-+- 


App.  R.A. 
from 
Obser- 
vation 


B.J.  752  

15  Vulp  

B.D.  69- 1084. 
69  Draconis . . 

6-  Cygni  

20  Vulp  

P  Aquilae. . .  . 

B.J.  759  

B.J.  765  

40  Cygni  

41  Cygni  

u1  Cygni  

B.J.  768  

Groom.  3241 . 

B.J.  770  

29  Vulp  

B.J.  778  

B.J.  780  

B.J.  7S4  

76  Draconis . . 
220  H1.  Drac. 

B.J.  788  

Bradley  2748. 

B.J.  792  

/:  Cygni  

Groom.  3409 . 
iB.J.  795  

I  B.J.  799  

<r  Cygni  

Bradley  2796. 

B.J.  804  

69  Cygni  

1  H. Draconis. 

B.J.  807  

72  Cygni.. . . . 

B.J.  817  

78  Draconis . . 

B.J.  821  

14  Pegasi .... 

B.J.  823  

Bradley  2868. 
13  Cc  hei 
B.J.  826...... 

16  Cephei 

B.J.  831  

B.J.  833  

28  Pegasi 

B.J.  837  

1  H.Lacertae. 
i  Bradley  2942. 


rn 

rn 


L.C.,rn 


■059 

(■752) 


s. 


h.  m.  s. 


15-64 


15-63 


15-72 
15-62 
15-69 
15-81 
15-62 


15-65 


31-55  47-20 

09-  S41  

41-  44   

55  04   

51-  29!  

00-46  

53-  17   

42-  73'  

46-  13  01-77 

00-  43   

29-44  

02-52   

41-32  56-95 

10-  73 

28-  85 
16-58 

01-  93  17-58.  15-65 
20-50  36-22 

40-  55  56-17 

57-  44  13-13 

29-  40  45-21 
35-48  51-10 

35-70   

25 -S6  41 -51 
16-50   

38-  321  

06-37   

58-  36  14-02  15-66 

39-  30   

29-21)  

41-  99  57-69 

52-  82   

02-  64  18-42 

54-  24  09-86 

52-51   

23-53|  

46  02   

14-75  30-35'  

38-36  

44-  61  00-29  15-68 

51-  86  1  

38-43   

28-98  44-66  15-6S 

45-  62  

35-94  51-58i  15-64 

00-  9S  16-64  15.66 

01-  61 

52-  41 

47-  57 

02-  95 


15-65  15-66 


15-70 


15-78 


15-65 


19  54 
57 
58 

20  02 
06 
08 
L0 
11 
19 
24 
25 
27 
28 
30 
32 
34 
39 
42 
43 


47-21 

25-  50 

57-  10 
10-69 
06-94 
16-11 
08-82 

58-  38 
01-78 

16-  08 
45-09 
18-17 
56-97 

26-  38 
44-50 
32-23 

17-  58 
36- 15 
56-20 


53  51-13 
55  51-35 
21  01  41-51 
03  32- 15 
05  53-97 
07  22-02: 
11  14-01 
13  54-95 

16  44-86 

17  57-64 
22  08-47 


15-64 


26  09 -S9 
31  08-15 
40  39- 17 

42  01-66 

43  30-39 
45  54-00 

49  00-25 

50  07-50 

51  54-07 
56  44-62 
58  01-26 

22  02  51-58 

05  16-62 

06  17-25 
OS  08  05 

10  03-21 

11  18-59 


Clamp  East. 


1—50.    Adopted  Ar+m  =  15-647- -0068  (T-2111  10"). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 

TABLE  HE 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


o 
o 
a 

0> 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
L2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

UN 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 


Object 


Notes 


B.A.C.  3495..  .L.C.rn 
30  H.  Camel.  .  L.C.rn 
B.D.  70-1240.. 

28Cephei  

B.J.  848  1 

29  Cephei... 

B.J.  851  

Groom.  3857 

B.J.  855  

B.J.  857  


b  Aquilae  

21  B.  Vulp.  .  .  . 

4  Cygni  

o  Vulp  

B.J.  732  

8  Cygni  

B.D.  70- 1073.. 
B.D.  49-3059.. 

B.J.  738  

/3  Sagittae  

10  Vulp  

B.J.  740  

f  Sagittae .... 

B.J.  747  

<t>  Aquilae  

B.J.  750  

B.J.  752  

15  Vulp  

B.D.  69.1084.. 
69  Draconis . . . 
Groom.  1119.  . 
176  B.  Cygni.. 
B.J.  765  

40  Cygni  

41  Cygni  

w1  Cygni  

B.J.  768  

X  Delphini. .  . 

B.J.  771  

29  Vulp  

B.J.  774  

777  

778  

780  

784  

76  Draconis . . 
220  W.  Drac. 

B.J.  788  

P  Cygni  


N 


L.C.nr 


B.J. 
B.J. 
B.J. 
B.J. 


r 

nr 


I 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


5  « 

H  s 

o  o 
v 

03 


O02 
J  5 

K  a 
s 


Is 
<  < 


22  16  29-93 
19  58-39 
23  26-53 
25  47-43 

27  20-S2: 

28  50-42 
33  18-27 

35  02-64 

36  45  02 
38  33- 14 


19  20 
21 
22 
24 
26 
28 
31 
33 
33 
36 
39 
40 
44 
48 
51 
53 
54 
57 
58 

20  01 
08 
16 
18 
23 
25 
27 
28 
30 
33 
34 
35 
38 
39 
42 
43 
48 
51 
53 
56 


26-  93 
28-10 

40-  12 

43-  47 

51-  30 

11-  20 

27-  41 
16-40 
46-79 

46-  49 

44-  26 

47-  43 

45-  01 

12-  76 

44-  81 
03-27 
31-35 
09-52 

39  19 

52-  07 
55-25 

45-  19 
45  -56 
59-84 
29  03 

(litis 

41-  26 
52-46 
0611 
16-35 

13-  84 
07-41 
01-77 
20  05 

40  02 
51-70 
24-85 
34-76 
31-51 


•059 
(-752) 


•035 
(-735) 


s. 

73  37-57 
19  07-90 

74  

21  ' 

77  :i7- 10 
44  


15-84 
15-71 


5  5 

<  < 


oo  

24  00-87 
67  49-33 


11  

48  

71  

85  

73  07-21 
74 
61 
33 
72  03-24 
75 
65 

04  03-54 
29 
87 
99 
28  19-87 
64  47-19 
94 
31 
19 

83  36-44 
84 
23  01-76 
47 
50 
58 

43  56-94 
68 
3221-85 
67 

05  29-60 
2123-77 
99  17-57 
59  36-20 
61  56- 16 
26  13  00 
26 

44  51-09 
36 


15-63 
15-66 


15-48 


15-50 


15-55 


18-01 


15-53 


15-51 


15-53 


15-52 
15-56 
15-58 
15-61 
15-55 
15-74 


15-65 


8. 

15-64 


22  23  44-33 

26  06-85 

27  37-41 
29  10-08 
33  36-51 
35  21-19 

37  00-88 

38  49-31 


15-55 


15-54 


App.  K.A. 
from 
Obser- 
vation 


m.  s. 


10  20 
21 
22 
24 
27 
28 
31 
33 
34 
37 
40 
41 
45 
48 
52 
53 
54 
57 
58 

20  02 


42-66 
44  03 
50-26 
59  -40 
07-2S 
27-29 
45- 16 
32-88 
03-27 

02-  30 
00-20 

03-  59 
00.S4 
30-42 
00-54 
19-83 
47  19 
25-49 
56-86 
10-74 


17  01-39 
19  01-77 

24  16-01 

25  45  04 

27  18-12 

28  56-97 
31  08-22 

33  21-86 

34  32-21 

35  29-62 

38  23-75 

39  17-53 

42  36- 13 

43  56- 15 


51  44-80 
53  50-98 
56  47-90 


Clamp  East.  1—10.    Adopted  Ar+m  =  15-647- -006S  (T-21h  10™). 

11—19.    Adopted  Ar+m  =  15-542-  0068  (T-20b  45°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE. — Continued 


Date 


-  . 

03 


Object 


Notes 


Coll.  -s. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


-  5 


c 


<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
Sept.  14  1 

I 

5 
6 
7 

I  8 

10 
11 
12 
13 
14 

I  15 
10 

17 

I  18 
19 
!  20 
21 
22 
23 
24 
25 
26 
27 
28 
1211 
30 


Sept.  15 


h.  m.  s 


45 
46 
47 
48 
49 


B.J.  792  

B.J.  793  

Groom.  3409 

B.J.  795  

B.J.  798  

a  Cvgni  

B.J."  804  

69Cygni.... 
1  H.Draconis..  L.C.nr 

B.J.  807  

P  Cvgni  

B.J.  811  

B.J.  813  

B.J.  S17  

78  Draconis. . 

B.J.  821  

14  Pegasi .... 

B.J.  S23  

Bradlev  2868. 
13  Cephei .... 

B.J.  826...... 

16  Cephei .... 

B.J.  831  

B.J.  833  

B.J.  835  

B.J.  837  

1  H.Lacertae. 
Bradley  2942. 
B.A.C.  3495.  . .  L.C.,nr 
30  H.  Camel. .  L.C. 


N 


10  Vulp  

B.J.  740  

B.J.  742  

iB.J.  743  

f  Sagittae. . . 
<t>  Aquilae. . . . 

I  B.J.  750  

B.J.  752  

39  15  Vulp  

40  B.D.  69-10S4.. 

41  69  Draconis. . . 

42  62  Cygni  

43  20  Vulp  

44  p  Aquilae  

B.J.  759  

B.J.  760  

B.J.  765  r 

40  Cygni  r 

41  Cygni  


21  01 
02 
05 
07 
09 
13 
17 
21 
24 
25 
30 
33 
35 
40 
41 
43 
45 
48 
49 
51 
56 
57 

22  02 
05 
05 
07 
09 
11 
16 
19 

19  39 
40 
41 
43 
44 
51 
53 
54 
57 
58 

20  01 
05 
08 
09 
11 
12 
18 
24 
25 


s. 


in 

90 
01 
76 
00 
68 
82 
2'.  I 
92 
4.'. 
:.4 
40 
56 
41 
52 
90 
03 
36 
71 
30 
94 
14 
64 
57 
60 
19 
98 
44 
85 
55 

34 
50 
is 
71 
21 
96 
50 
54 
68 
.-,() 
07 
87 
35 
16 
37 
15 
72 

11 

15 


■036 

(•735) 


.048 
(•746) 


S6  41-50 
53  54  04 

26  

28  

33  33  01 
33  


15-64 
15-51 


•68 


15-57 


15-55 


11  57 

88 

99  18-54 
27  09-851 

34  

07  22-65  15-58 

77  12-43   

62  

87  

81  30-34   

49  

75  00-28  15-53 


47  i  

14  44-66  15-52 

61  

02  51-57  15-55 
09  16-64!  15-55 
12  01-67!  15-55 

54  

63  

92  

09  37-70  15-61 
69  08  00  15-31 


44-  78  

48-17  03-53  15-36 
56-04  11-37  15-33 
09-03  24-34  15-31 

45-  48   1  

45-  18  !  

04-51  19-85   

31-87  47-17  15-30 
1015  ]  

41-  62  

55-19  

51-52  ;  

00-80  

53-43  

42-  80   1  

42-57  57-96  15-39 

46-  39  01-74  15-35 

00-74   1  

29-67  


15-54 


21  01  41 
02  54 
05  53 
07  21 
09  32 
13  54 
17  57 
22  08 


15-53 


26  09 
30  37 
33  22 
36  12 
40  39 

42  01 

43  30 
45  54 

49  00 

50  07 

51  54 
56  44 
58  01 

22  02  51 

05  16 

06  01 
08  08 

10  03 

11  18 


15-35 


15-34 


19  40  00 

41  03 

42  11 

43  24 
45  00 

52  00 

53  19 

54  47 

57  25 

58  56 

20  02  10 
06  06 
08  16 

10  08 

11  58 

12  57 
19  01 

24  16 

25  45 


Clamp  East.  1—30.    Adopted  ±T+m  =  15 -542  -  0068  (T-20h  45-) 

31-49.    Adopted  Ar+m  =  15-335- -0068  (T-21h  20"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date    a  . 

1  a 
3S 


Object 


1910 
Sept.  15 


Notes 


or 
nr 


u1  Cygni. 
B.J.  768... 
i-  Delphini. 
B.J.  770... 
B.J.  774... 
B.J.  778... 
B.J.  782... 
76  Draconis.. . 
220  H1.  Drac. 

B.J.  788  

Bradley  2748. . 
Groom.  3409. . 

B.J.  795  

B.J.  798  

B.J.  799  

v  Cygni  

B.A.C.  7504.. 

69  Cygni  

1  H.  Draconis 

B.J.  809  

B.J.  Sll  

B.J.  S13  

B.J.  817  

7S  Draconis . . . 

B.J.  821  

14  Pegasi  

B.J.  S23  

Bradley  2868. . 

13  Cephei  

B.J.  826  

16  Cephei  

B.J.  831  

B.J.  833  

28  Pegasi  

B.J.  837  

1  H.Lacertae. . 
Bradley  2942. . 
B.A.C.  3495... 
30  H.  Camel . . 
B.D.  70  1240.. 

28  Cephei  

B.J.  848  

29  Cephei  

B.J.  851  

Groom.  3S57. . 

B.J.  855  

B.J.  857  

B.J.  858  

B.J.  859  

B.J.  862  r 


L.C.nr 


L.C.nr 
L.C., 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


— 

to 
E 

QJ 

O 

.  m 
<  a 

B 
u 
0 

~i 

0 

a 

M 

1+ 


-3  s 

<  < 


App.  R.A. 
from 
Obser- 
vation 


21 


h.  m.  s. 

20  27  01. 
28  41- 
30  52 

32  26 
35  13 

39  01 

42  52 

48  51 
51  25 
53  34 

55  32- 
05  36 
07  03 

09  16- 

10  58 
13  59 
17  16- 
21  52- 

24  OS- 
27  15- 

33  06' 
35  55 

40  21 

41  43 

43  14 
45  38 
4S  44 

49  50 
51  37 

56  29 

57  43 
22  02  35 

05  00 

06  01 

07  50 
09  47 

11  00 
16  30 
19  58 
23  26 

25  47 
27  21 
2S  50 
33  18 

35  02 

36  45 

38  33 

39  50 
41  58 
45  26 


9] 
39 
56 
45 
'.is 
94 
52 

Us 

04 
96 
95 
24 
112 
23 
00 
20 
98 
47 
08 
34 
58 
S9 
52 
86 
10 
13 
51 
.94 
•47 
•03 
•23 
■84 
09 
..-,4 
-29 
•11 
.-.'.1 
5S 
77 
•SO 
•68 
08 
66 
51 
91 
30 
46 
84 
41 
22 


•048 
(-746) 


02-80   

41-60  56-93  15-33 

52-  82   

29-24   

14-26  29-59 
02-20  17-56 

53-  73  09-10 
57-42  12-86 
29.60  45-03 
35-70  51  07 

35.92   

38-48;  

06-54   1 

17-56  32-99 


s. 
15-34 


15-33 
15-36 

i5;44 
15-43 
15-37 


58-67  14-00 

15-33 

59-80   

30.45  45-93 

15-48 

53- 10   

02-9S  18-66 

15-68 

17-47   

07-31  22-65 

15-34 

57  09  12-42 

23-89 

46-20   

15-00  30-33 

38-65   

44-95  00-2S 

15-33 

52  09'  

38-631  

29-27  44-66 

15-39 

45-85 

36-26  51-57 
01-2616-64 

01-89  

52-63   

47.82,  

03  08   

22-56  37-83 
52-71  08- 11 

28-95   

51-37;  

22-00  37-40 

54-60   

21 -05   

05-75  

45-50  00-8S 
33-98  49-33 
51-60  06-9S 
58-81  14-13 
26-59  41.94 


15-31 
15 -3S 


15-27 
15-40 


15-3S 
15-35 
15-38 
15-32 
15-35 


h.  m.  s. 

20  27  18-14 
28  56-94 

31  08- 1G 

32  44-58 
35  29-60 
39  17-54 
43  09  07 


15-33 


53  5104 
55  51-26 
21  05  53  82 
07  21-88 
09  32-90 
11  1401 
14  15  14 


22  08-43 


27 
33 
36 
411 
42 
43 
45 
49 
50 
51 
56 
58 
22  02 
05 
06 
()s 

10 
11 


3  2  SO 
22-64 
12-42 
39-22 
01-53 
30-33 
53-98 

00-  28 
07-42 
53-96 
44-60 

01-  18 
51-59 

16-  59 

17-  22 
07-96 
0315 
IS -41 


23  44-28 

26  06-70 

27  37-33 
29  09-93 
33  36-38 
35  21  OS 

37  00-83 

38  49-31 
40  06.93 
42  14  14 
45  41-92 


Clamp  East. 


1—50.    Adopted  Ar+m  =  15-335  -  0068  (T-21h  20"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


£  a. 


Object 


Notes  S? 


Z 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


c-a 

C3  D 


cd  o 
M  c 

W 


§•+ 

<< 


App.  R.A. 
from 
Obser- 
vation 


1 

2 
3 
4 
5 
6 

7 
8 
9 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4.3 
46 
47 
48 
49 


52  Pegasi  

B.J.  S69  

B.J.  870  

5  Andromedae 

B.J.  874  

B.J.  875  


\  Urs.  Min  

B.J.  726  

b  Aquilae  

21  B.  Vulp.... 

4  Cygni  

o  Vulp  

B.J.  733  

8  Cygni  

B.D.  49-3059.. 

B.J.  738  

jS  Sagittae .... 

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae  

0  Aquilae  

B.J.  750  

B.J.  752  

b2  Cygni  

120  Vulp  

B.J.  757  

IB.J.  760  

176  B.  Cygni., 
B.J.  765  

40  Cygni  

41  Cygni  

wl  Cygni  

IB.J.  768  

f  Delphini  

B.J.  771  

i29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

1  B.J.  780  

;B.J.  784.  ..  . . . . 

|76  Draconis . . . 

220  H'.Drac 

B.J.  788  

P  Cygni.... 
KB.J.  792  

B.J.  793  


r 
or 


N 


h.  m.  s 

22  54  28 
57  33 
59  11 

23  03  26 
04  47 
08  43 


19  09 
14 
20 
21 
22 
24 
27 
28 
33 
33 
36 
39 
to 
41 
43 
44 
51 
53 
54 

20  05 
08 
10 
12 
16 
18 
24 
25 
27 
28 
30 
33 
34 
35 
38 
39 
42 
43 
48 
51 
53 
56 

21  01 
02 


•048 
(•746) 


-•038 
(•704) 


15.32 


49-18 
27-04 


15-32 
15-29 


59-67 


h.  m.  s. 

22  54  44-15 
57  49-18 
59  27-07 

23  03  42-54 
05  06  07 
08  59-64 


73  50-32 


13-59  15-17 


02-76 


27-69 


03-19 


03-51 


13111-35 


24-33 


19-82 
47-16 


15-12 
15-22  i 
15  15 


49-63 
57-95 


01-72 


15-08 


15-28 


15-24 


56-92  15  15 


21-83  15-22 


29-58 
23-73 
17-55 
36-18 
56-13 
12-73 


15  14 
15-23 
15-18 
15-23 
15  13 
15-14 


51-06,  1519 


41-47;  15-20 
54-02;  15  16 


15-16 


19  15 
20 
21 

22 
24 
27 
28 
33 
34 
37 
40 
41 
42 
43 
45 
52 
53 
54 

20  06 
08 
10 
12 
17 

10 

24 
25 
27 
28 
31 
33 
34 
35 
38 
39 
42 
43 


02-  74 

42-  51 

43-  97 

56-  20 
59-27 
27-68 
27-25 
32-78 

03-  21 

02-  25 
00-14 

03-  56 
11-30 
24-35 
00-78 

00-  46 
19-86 
47-24 
06-82 
16  13 
49-67 

57-  83 

01-  34 
01-64 
1611 
45-01 
18-18 
56-93 
08-14 
21-77 
32-20 
29-60 
23-66 
17-53 
3611 
56-16 


51  45-20 
53  51  03 
56  47-89 
21  01  41-43 
02  54  02 


25a— 26 


From  Sept.  15  Clamp  East;  from  Sept.  16  Clamp  West. 
1—6.  Adopted  A7%fm  =  15-335- -0068  (T-21h  20°). 
7-49.    Adopted  Ar+m  =  15- 158- -0068  (T-20h  55"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


to 

hi 

<  c 

C  + 
a  • 

•  if 

c  . 
35 


Object 


Notes 


Coll.  .15 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


|+ 
3« 


App.  R.A. 
from 
Obser- 
vation 


1  B.J.  707  

2  B.J.  799  

3  cr  Cygni  

4  B.J.  804  

5  69  Cygni.... 

6  1  H.  Draconis  L.C.,rn 

7  72  Cygni  

B.J.  811  

9  B.J.  813  

10  B.J.  816  

11  iB.J.  S21  

12  1 14  Pegasi  

13  B.J.  823  

14  Bradley  2868. . 

15  13  Cephei  

16  B.J.  826  

17  B.J.  831  

18  B.J.  833  

19  B.J.  835  

20  B.J.  836  

21  1  H.Lacertae. . 

22  B.A.C.  3495.. .  L.C.,nr 

23  30  H.  Camel..  L.C.,nr 


24  B.D.  76-734.. . 

25  B.J.  734  

26  8  Cygni  

27  B.D.  70  1073.. 

28  Ii.  D.  49-3059. . 

29  B.J.  738  

30  ^Sagittae  

31  lOVulp  

32  B.J.  740  

33  B.J.  742  

34  B.J.  743  

35  IfSagittae  

36  jipAquilae  

37  B.J.  750  

38  B.J.  752  

39  !15  Vulp  

40  B.D.  69-1084.. 

41  [69  Draconis... 

42  'ft2  Cygni  

43  20  Vulp  

44  p  Aquilae  

45  B.J.  759  

46  B.J.  765  

47  40Cvgni  

48  41  Cygni  


ll.   111.  s 

N 

21  08  52 

95 

10  58 

32 

II 

13  39 

24 

tt 

17  42 

31 

u 

21  52 

94 

U 

24  07 

91 

u 

30  52 

17 

a 

33  06 

92 

u 

35  56 

25 

u 

40  21 

02 

tt 

43  14 

35 

II 

45  3S 

47 

H 

48  44 

84 

(( 

49  51 

24 

tt 

51  37 

sr, 

a 

56  29 

35 

tt 

22  02  36 

18 

U 

05  00 

96 

u 

05  46 

15 

u 

07  30 

'J  2 

a 

09  47 

19 

u 

16  29 

66 

it 

19  58 

95 

s 

19  24  29 

41 

a 

26  51 

53 

tt 

28  11 

65 

a 

31  28 

00 

u 

33  16 

85 

tt 

33  47 

11 

tt 

36  46 

82 

a 

39  44 

64 

40  47 

83 

ii 

41  55 

43 

« 

43  08 

'.is 

it 

44  45 

37 

u 

51  45 

21 

u 

53  03 

86 

u 

54  31 

74 

u 

57  09 

95 

ii 

58  39 

96 

u 

20  01  52 

67 

u 

05  51 

16 

u 

08  00 

65 

ii 

09  53 

41 

« 

11  39 

91 

« 

18  45 

97 

ii 

20  00 

42 

u 

25  29 

43 

-038 
(■704) 


-•048 
(•723) 


32  08-45 
82  13-99 


15-13 
15-17 


15-14 


53  57-67 
41 

45  18-78  15-33 

99!  

47  22-64  15-17 
2S  12-40  ... 
32  36-40  15  08 

11  30-32'  

84'  I  

15  00-2; 
22  .... 
84  ... . 
49  44-65 
47  51-57 
37  16-63; 
56  01-66, 
27,46-34 

03  

37-98 
08-21 


15  12 


15-16 
15- 10 
15-26 
15-10 


16 
10 

12  

89  

61  

97  03-16 

03  

97  

3603-49 
12  11-32 
16  24-32 

61  

34  

6S19-79 
9847-15 

3l|  

77 
38 
67 
98 
60 

901  

56  01-70 
97 
83 


15-32 
14-57 


15-13 
15-20 
1516 


1517 


15-14 


s.     (h.  m.  s. 
15-16  21  09  08-48 


11  13-98 

13  ;4-93 

17  57-69 

15  15 

22  Os-56 

31  08- 14 

33  22-62 

36  12-43 

40  36  -47 

43  30-26 

45  53-99 

49  00-30 

.50  07-37 

51  53-99 

56  44-64 

22  02  51-62 

05  16  52 

06  01-71 

07  46-42 

10  0318 

15  16 

19  24  47-32 

27  10-26 

28  27-28 

31  45  05 

33  32  77 

34  03  - 13 

37  02  19 

40  00  13 

41  03-52 

42  11-28 

43  24-32 

45  00-77 

15  15 

52  00-49 

53  19-83 

54  47-13 

57  25-46 

58  56-92 

20  02  10-53 

06  06-82 

08  16- 13 

10  08-75 

11  58  05 

19  01-71 

20  16- 12 

25  44-9S 

Clamp  West.  1-23.    Adopted  ST+m  =  \5- 158- -006S  (T-20"  55°). 

24-48.   Adopted  Ar+m  =  15-149- -0068  (T-20h  40°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Object 


3^ 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


o 


<  c 

rig 


5  £ 
°  . 

t~  4- 

J-1 


App.  R..A 
from 
Obser- 
vation 


1910 


h.  m.  s 


.19 


u1  Cygni  

B.J.  768  

f  Delphini.. .  . 

B.J.  770  

29  Vulp  

B.J.  774  

B.J.  778  

B.J.  782...... 

76  Draconis . 
220  H'.Drac. 

B.J.  788  

/'  Cygni  

B.J.  792  

/•Cygni.... 
Groom.  3409 

B.J.  795  

B.J.  797  

B.J.  799  

"  Cygni  

69  Cygni  

72  Cygni  

B.J.  811  

B.J.  813  

B.J.  816  

L  Vulp  

B.J.  732  

8  Cvgni  

B.D.  49-3059 
B.J.  738  

14  Cygni  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae. . . 
\<)>  Aquilae .  . 

B.J.  750  

B.J.  752  

15  Vulp  

Groom.  1119. 
176  B.  Cygni 
B.J.  765  

40  Cygni.... 

41  Cygni  

w>  Cygni  

B.J.  "768..... 
f  Delphini.. . 

B.J.  771  

29  Vulp  


N 


L.C.,rn 


20  27 
28 
30 
32 
34 
35 
39 
42 
48 
51 
53 
56 

21  01 
03 
05 
67 
08 
10 
13 
21 
30 
33 
35 
40 

19  24 
26 
28 
33 
33 
36 
39 
40 
41 
43 
44 
51 
53 
54 
57 

20  08 
16 
18 
24 
25 
27 
28 
30 
33 
34 


s. 


s. 


h.  m.  s 


-•048 
(•723) 


-040 
(■678) 


00 
76  56-91 
97 
30 
99 

40  29-57 
37  17-54 
94  09  05 
5012-61 
65  44-85 
90  51  05 
7S 
24  41-45 
97 
56 
72 
29  08-44 
So  13-97 
96 
35 
01 
47  22-63 
20  12-38 
24  36-40 


66'  . . 
48  07 
55 

00  .  . 
47  03-10 
58 
55 
S3  03-44 
59  11-27 
72  24-28 
11 
95 
1319-73 
5147-11 
84  .. 
22  42-05 
68 
OS  01 -66 
44 
39 
44! 

26  56-88 
54 
19  21-79 

59! 


1515 


15-17 
15-17 


15-11 
15-20 
15-15 


15-21 


1515 
15  12 


15  16 
15-16 


■12 


14-64. 


14-61 
14-68 
14-56 


14-  60 

15-  83 


14-58 


14-62 
14-60 


15-15 


15-14 


14-60 


20  27  18 

15 

28  56 

91 

31  08 

12 

32  44 

45 

34  32 

14 

35  29 

55 

39  17 

-52 

43  09 

09 

53  51 

05 

56  47 

93 

21 

01  41 

39 

03  32 

12 

05  53 

71 

07  21 

87 

09  08 

44 

11  14 

00 

14  15 

11 

22  08 

4" 

31  08 

15 

33  22 

61 

36  12 

34 

40  36 

38 

19 

24  59 

27 

27  07 

09 

2s  27 

16 

33  32 

61 

34  03 

08 

36  32 

18 

40  00 

15 

41  03 

43 

42  11 

19 

43  24 

32 

45  00 

71 

52  00 

55 

53  19 

73 

54  47 

11 

57  25 

44 

20 

17  01 

28 

19  01 

68 

24  16 

04 

25  44 

99 

27  18 

01 

28  56 

86 

31  OS 

14 

33  21 

79 

34  32 

19 

Clamp  West.  1—24.    Adopted  Ar+m  =  15-149- -0068  (T-20b  40"). 

25  -  49.    Adopted  AT+m  =  14-597- -0068  (T-20h  45°"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


- 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


§  S 


°  S 

-r'~ 


._  ej 

°£ 

<  a 

«I 
a 


a  , 


App.  R.A. 
from 
Obser- 
vation 


1910 
Sept.  19  1 


8. 


B.J.  774  

B.J.  777  

B.J.  778  ! 

B.J.  780  

B.J.  784  r 

76  Draconis ...  in 
220  H1.  Drac. 
B.J.  788  


N 


/'  Cygni 
B.J.  792. 
B.J.  793 
|B.J.  798 
B.J.  799 
\v  Cygni. 
,B.J.  804 

'69  Cygni  r 

1  II. Draconis..  L.C.,nr 
B.J.  807. 
72  Cygni 
B.J.  811. 
B.J.  813. 
B.J.  816. 

B.J.  821  

14  Pegasi  

B.J.  823  r 

Bradley  2868.. 

13  Cephei  r 

B.J.  826.. 


B.J.  S31  

B.J.  833  

B.J.  835  

B.J.  836  

1  H.  Lacertae.. 
B.A.C.  3495.  .  .  L.C.rn 


B.J.  76S... 
f  Delphini. 


X 


B.J.  771. 

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784  

76  Draconis . . .  nr 
220  H1.  Drac. 

B.J.  788  

P  Cygni  

Groom.  3409. . 
B.J.  798  


20  35 
38 
39 
42 

4:i 
48 
51 
53 
56 

21  01 
02 
09 
10 
L4 
17 
21 
24 
25 
30 
33 
35 
40 
43 
45 
48 
49 
51 
56 

22  01 
05 
05 
07 
09 
16 

20  28 
30 
33 
34 
35 
38 
39 
42 
43 
48 
51 
53 
56 

21  05 
09 


14-75 
OS -40 
02-79, 
21  10 
41  02 

52-  87 
26  04 

35-  82 
32-49 
26-20 
38-90 
1717 
58-89 

00-  10 
42 -So 

53-  33 
08-91' 

54-  55; 

52-  99 
07-50 
56-68 
21-47 
15  05 
39  02 

45-  35 
51-86 
38-37 

29-  94 

36-  64 

01-  58 

46-  68 

30-  70 

47-  98 
30-28 

42-42 

53-  62 

07-  35 
17-57 
1504 

08-  71 
03  05 
21-33 
41-30 
53  07 
26-69 

36-  19 
32-94 

37-  39 
17-48 


-040 

(•678) 


-048 
(-666) 


14 

09 
02 
21 
41 

57 
29 
30 
33 
26 
39 
IS 
59 
00 
43 
53 
04 
55 
153 
08 
57 
21 
15 
39 
45 
52 
39 
30 
36 
01 
47 
31 
4< 
23 

42 
53 
07 
17 
15 
09 
03 
21 
41 
57 
30 
36 
33 
39 
18 


92  29-54 
03  23-67 
95  17-52 
51  36- 13 
47  56-08 
6512-37 
83 

36  51-01 

17  1 

79  41-42 
40  53-98 
26  32-89 

37  13-94 
53  

06  57-64 
78  

64  1910 
23  09-78 

49  1 

03  22-60 
66  12-34 
76  36-38 
78  30-28 
38 

65  00-25 

80  

32  

08  44-64 
92  51-55 
97  16-61 

07  01-64 
71  46-29 

50  

58  38-34 


14-62  14-60 
14-64 
14-57 
14-62 
14-61 
14-72 


14-65 


h.  m.  s. 

20  35  29-52 

38  23-63 

39  17-55 

42  36  11 

43  56  07 


14-63 
14-58 


14-57 
14-58 
14-46 


14-57 


14-62. 


14-60 


14-56 
14-63 
14-64 
14-57 


14-59 


51  44-43 
53  50-96 
56  47-77 
21  01  41-39 
02  53-99 
09  32-85 
11  13-96 
14  1512 
17  57-65 
22  08-37 


14-76 


26 
31 
33 
36 
40 
43 
45 
49 
50 
51 
56 
22  01 
05 
06 
07 
10 


09-82 
OS-OS 
22-62 
12-25 
36-35 
30-37 
53-97 

00-  24 
07-39 
53-91 
44-67 
51-51 
16-56 

01-  66 
46-30 
03  00 


52  56-85  14-33  14-34 

76  | 

49  21-76 

78  

20  29-51  14-31 
32  23-63 
19  17-49 

73  36-10 

74  56  05 
70  12-14 

36  i  

70  50-98  14-2S 

60  

22  

54  32-84   


14-27 


14-31 
14-30 
14-37 
14-31 
14-44 


14-33 


20  28  56-86 
31  08-10 

33  21-83 

34  32-12 

35  29-54 

38  23-66 

39  17-53 

42  36  07 

43  56-OS 

"  51  44-69 
53  51  03 
56  47-93 

21  05  53-55 
09  32  87 


Clamp  West.  1—34.    Adopted  ^r+m  =  14-597  -  0068  (T-20b  45"). 

35—49.    Adopted  ±T+m  =  14-327- -0068   (T-21fc  55°>). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


£T3 


O  o 

60 


03 

<  a 

c 


T3  a 
o. 


App.R.A. 
from  J 
Obser- 
vation 


h.  m.  s 


IB.J.  799  

\<t  Cygni  

Bradley  2796.. 

[B.J.  804  

69  Cygni  

1  H.  Draconis. 

B.J.  807  

IB.J.  809  

P  Cygni  

B.J.  811  

B.J.  813  

B.J.  817  

78  Draconis . . . 

B.J.  S21  

14  Pegasi  

B.J.  823  

'Bradley  2868. . 

13  Cephei  

.B.J.  826  

|B.J.  831  

|B.J.  833  

'B.J.  835  

1  H.  Lacertae 
'Bradley  2942.. 
B.A.C.  3495.. . 
30  H.  Camel.. 
B.D.  70.1240... 

IB.J.  847  

!b.J.  848  

29  Cephei  

B.J.  851  

B.J.  852  

B.J.  855  

B.J.  857  

B.J.  858  

B.J.  859  

IB.J.  862  

52  Pegasi  

B.J.  869  

B.J.  870  

B.J.  871  

5  Andromedae 

B.J.  874  

B.J.  875   

Bradley  3085. . 
Groom.  4033 .  . 

B.J.  880  

B.J.  881  

39  H.  Cephei.. 


N 


L.C.,nr 


L.C. 
L.C.nr 


21  10 

13 
16 
17 
21 
24 
25 
27 
30 
33 
35 
40 
41 
43 
45 
48 
49 
51 
56 

22  02 
05 
05 
09 
11 
16 
19 
23 
25 
27 
28 
33 
35 
36 
38 
39 
41 
45 
54 
57 
59 

23  00 
03 
04 
08 
11 
13 
15 
20 
27 


s. 


-■048 
(•666) 


14-34 


14-35 


14-58 


14-28 


14-32 


14-34 
14-34 
14-41 

14-38 


57  13-91 
51 

13  i 

27  57-62 
10 

73  19-31 
4109-75 
25 
55 

29  22-57 
94  12-30 
68 
09 

94  30-25 
63 

92  00-24 
00 
59 

29  44-63 
20  51-54; 
19  16-60 
25  01  63 

81  

87  | 

19 
76 
73 
7:; 
94 
30 

75  1 

23  15-67 

58  00-87 
99|49-32; 
581)6 -96 
si  14  12 
59|41-93 

81  

74,49 -17  14-43 
69127-05  14-36 
7919-11  14-32 
21 
54 
24 
:i7 
05 

0613-351  14-29 
35'55-67  14-32 
02  00-721  13-70 


38-54 
08-63 


14-35 
13-87 


52-19 
37-35 


14-44 
14-29 
14-33 
14-38 
14-31 
14-34 


59-66 


s. 

14-33 


1 1  -  III-  s 

21  11  13 

90 

13  54 

84 

16  44 

46 

17  57 

60 

22  OS 

43 

26  09 

74 

27  32 

58 

30  37 

88 

33  22 

62 

36  12 

27 

40  39 

01 

42  01 

42 

43  30 

27 

45  53 

96 

49  00 

25 

50  07 

33 

51  53 

92 

56  44 

62 

22  02  51 

53 

05  16 

52 

06  01 

58 

10  03 

14 

11  18 

20 

14-32 


22  23 

44 

05 

25 

52 

05 

27 

37 

26 

29 

09 

62 

33 

36 

07 

35 

15 

55 

37 

00 

90 

3S 

4'.) 

31 

40 

06 

90 

42 

1 1 

13 

45 

41 

91 

54 

44 

13 

57 

49 

06 

59 

27 

01 

23  00 

19 

11 

03 

42 

53 

05 

05 

Mi 

08 

59 

56 

11 

28 

69 

14 

12 

37 

16 

13 

38 

20 

55 

67 

Clamp  West. 


1—49.    Adopted  Ar+m  =  14-327-  -0068  (T-21h  55-). 
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TABLE  III. 

REDUCTION*  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


'3-3 
«5 


0  O 


-si 

it 


S  5 

i  + 

^•1 


~  5 


£  Sagittae.. 

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae. .. 

0  Aquilae. . . 

B.J.  750  

iB.J.  752  

15  Vulp  

Groom.  1119. .  L.C.nr 
B.J.  765  

40  Cygui.... 

41  Cygni  — 

<■>'  Cvgni  

B.J.  76S  

f  Delphini.. . 

B.J.  771  

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784...... .  r 

76  Draeonis . . .  nr 
220  H'.Drac 

B.J.  788  

/'  Cygni.... 

B.J.  792  

p  Cygni.... 

B.J.  797  

B.J.  799  

a  Cygni  

B.J.  804  

69  Cygni  

1  H.  Draeonis  L.C.,nr 

B.J.  807  

P  Cygni  

B.J.  Sll  

B.J.  813  

B.J.  816  

B.J.  S21  

14  Pegasi  

B.J.  823  

Bradley  2868. 
13  Cephei .... 

B.J.  826  

B.J.  831  

B.J.  S33  

B.J.  835  


h.  m. 

8 

o 
a 

19  3b 

47 

a 

on 

39 

a  e 
45 

.~>7 

u 

Af\ 

AO 

74 

It 

1  1 

ret 
OO 

oc 
00 

u 

AO 

4o 

uy 

Ml 

f£ 

44 

■it* 

■  >.i 

<50 

tt 

CI 

51 

AG. 

lb 

lo 

it 

OO 

U4 

a 

K.A 

54 

OO 
OS 

—  1 
10 

57 

10 

no 
9o 

a 

oa  no 

i\- 

\  1. 1 

A  1 

4  1 

u 

1  c 

Ad 

S.i 

z4 

Ul 

oc 

OO 

a 

oc 

-O 

oil 

0*7 
Ol 

tt 

It 

i  V  ' 

I  to 

1  -f 
1  1 

it 

OO 

10 

cc 

u 

Of\ 

6i) 

CO 

53 

*70 

to 

u 

OO 

66 

Ol 

tt 

OA 

o4 

1  "7 

iZ 

u 

OK 

60 

1  C 

15 

17 

u 

oc 

1  IS 

— 

75 

It 

no 
1  to 

It 

AO 

Ol 

i  — 

It 

AO 

4o 

41 

ACL 

Ah 

It 

AQ 

4o 

CO 

52- 

It 

51 

oc 
ZD 

09 

It 

CO 
OO 

on 

-1 

It 

OO 

OO 

no 
98 

u 

21  01 

26 

52 

03 

17 

20 

u 

08 

53 

S2 

10 

59 

24 

tt 

13 

40 

15 

ft 

17 

43 

23 

a 

21 

53 

85 

a 

24 

09 

92 

a 

25 

54 

113 

a 

30 

22 

93 

a 

33 

07 

85 

« 

35 

57 

13 

a 

40 

21 

93 

S'  *> 

43 

15 

39 

a 

45 

39 

43 

u 

48 

45 

84 

u 

49 

52 

24 

U 

51 

38 

70 

m 

56 

30 

31 

a 

22  02 

37 

IN 

a 

05 

01 

99 

tt 

05 

47 

21 

8.. I 


S. 


-053 
(-751) 


04  ... 

91  1 

2S03-&S 
06  11-20 

12  24-23 

58l  I 

301  1 

53  19-64 
97  47  07 

30  

97  45-09 

45  01 -60 

85  ... 
79  .  .  . 

86  ... 
69  56-84 
92  ... 
64  21-75 
99  ... 
37  29-50 

46  23-61 
35  17-48 
94  36  09 
9215604 
S3  1202 
23  44-32 
83  50-96 

69  

20  41-36 
91  

23  OS -37 
79  13-90 
73  

47  57-61 
31  

24  19-41 
61  09-74 

65  

4.5  22-56 
if.  12-28 
26  36-35 
14  30-23 
84  

13  00-23 

22  

78  

47  44  -62 
41  51-54 
44  16-59 
6101-62 


11-  10 
14  14 
1411 


14-10 


15-12 
14-15 


14-15 


1411 


14-13 
14-15 
1413 
14-15 
14-12 
14-19 
14-09 
14- 13 


14- 16 


1414 
1411 


1414 
14-17 


1411 
14-09 


14-10 


14-15 
14-13 
14- 15 
1401 


s.  . 
14-12 


1411 


Clamp  West. 


1—50.    Adopted  AT+m  =  14- 112- -006S  (T-21h  20-). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


c  . 

£° 

V 

si 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


SO 


"32 
<  C 
Pit 


3« 


App.  R.A. 
from 
Obser- 
vation 


10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  S36  

1  H.Lacertae.  .1 
B.A.C.  3495...  L.C. 
30  H.  Camel..  L.C, 

38  Pegasi  

B.J.  848  

52  Pegasi  

B.J.  869  

B.J.  871  


b  Aquilae  

21  B.  Vulp.... 

4  Cygni  

o  Vulp  

B.J.  732  

8  Cygni  

B.D.  70- 1073.. 
B.D.  49-3059.. 

B.J.  738  

/3  Sagittae  

10  Vulp  

B.J.  740  

B.J.  742  

B.J.  743  

f  Sagittae  

B.J.  747  

<P  Aquilae  

B.J.  750  

15  Vulp  

B.D.  69  1084.. 
69  Draconis. . . 

b2  Cygni  

20  Vulp  

30  Cvgni  

B.J.  759  

176  B.  Cygni.. 
B.J.  765  

40  Cvgni  r 

41  Cygni  

ul  Cygni  

B.J.  768  

Groom.  3241.. 

B.J.  770  

29  Vulp 


B.J. 
B.J. 
B.J. 
B.J. 
B.J. 
76  Draconis.. 


74. 
"77. 
"78. 

rso. 

■84. 


N 


h.  m.  s 

22  07  31 
09  4S 
16  32 
20  00 
25  42 
27  22 
54  29 
57  34 

23  00  04 


19  20 
21 
22 
24 
26 
28 
31 
33 
33 
36 
39 
40 
41 
43 
44 
48 
51 
53 
57 
58 

20  01 
05 
08 
10 
11 
16 
18 
24 
25 
27 
28 
30 
32 
34 
35 
38 
39 
42 
43 


09 
49 
02 
20 
52 
44 
92 
42 
82- 

79  ■ 

99 

01 

35 

14 

us 

92 

20 

57 

37 

19 

28 

92 

46 

'.•3 

54 

74 

19 

40 

04 

46 

64 

14 

67 

26 

lis 

45 
83 
99 
57 
13 
12 
74 
25 
79 
39 
75 
07 
09 
$2 


-  053    32- 15  46-24   |  14 

(-751)  49-08  

24-67  38-63  13-96 
54-64  08-70  14  06 

42-97... 


11 


h.  m.  s 

22  07  46 
10  03 


-043 

(-697) 


23-22  37-34 

30-06   

35-07  49  17 
-05-01  1911 


14  10 
14-10 


28-91   

30-28   

42-48  

45-  64   

53-47  06-98 

13-51   

30-82  

18-97'  

49-34  02-90 

48-  56   

46-  48   

49-  76  03-29 
57-57  11-10 

10-  66  24  16 

47-  14   

16-37   

46-S5   

06  03  19-52 

11-  72  

42-87   

56-19 
5311 
02-44 


16-35 
43-26 
47-59 
47-99  01-52 
02-33 


56-79 


31-35 
04-31 
43-23 
12-20 
30  17 
18-49] 
15-96  29-45 
10-04  23-53 
03-90  17-43i 
22-50,36-021 
42-56  55-97 
57-7211-43 


13-51 


13-53 
13-53 
13-50 


13-53 


13-56 


13-49 
13-49 
13-53 
13-52 
13-41 
13-71 


14- 10 


27  37 
54  44 
57  49 
-  23  00  19 


13-51 


13-50 


19  20 
21 
22 
24 
27 
28 
31 
33 
34 
37 
39 
41 
42 
43 
45 
48 
52 
53 
57 
58 

20  02 
06 
OS 
10 

11 

17 
19 
24 
25 
27 
28 
30 
32 
34 
35 
38 
39 
42 
43 


Clamp  West,  1—9.    Adopted  AT+m  =  U- 112- -0068  (T-21h  20"). 

10—19.    Adopted  A T+m  =  13-502-  0068  (T-20h  45°). 
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TABLE  III. 


i  GEORGE  V.,  A.  1911 


REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


c  . 


Object 


Notes 


Coll.  hS 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


3  Q] 

• —  — 

°o 

go 


App.  R.A. 
from 
Obser- 
vation 


9 
in 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

26 
27 
28 
29 
30 
31 
32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
Hi 
■17 
48 
49 


B.J.  7S8  

Bradlev  2748. . 

B.J.  792  

B.J.  793  

Cygni  

Groom.  3409. . 

B.J.  795  

B.J.  797  

B.J.  799  

a  Cygni  

B.A.C.  7.504... 
1  H.  Draconis 

B.J.  807  

72  Cvgni  

B.J.  811  

B.J.  S13  

B.J.  S17  

78  Draconis . . . 

B.J.  821  

14  Pegasi  

B.J.  823  

Bradley  2S68. . 

13  Cephei  

B.J.  826  

16  Cephei  

B.J.  831  

B.J.  833  

B.J.  S35  

B.J.  836  

1  H.  Lacertae 
Bradley  2942. . 
B.A.C.  3495... 
30  H.  Camel. . 


B.J.  817  

78  Draconis... 

B.J.  821  

Bradley  2S68.. 

79  Draconis . . 
Bradley  2897. 
16  Cephei .... 

B.J.  833  

B.J.  835  

B.J.  837  

1  H.  Lacertae 
Bradley  2942.. 
[B.A.C.  3495... |L.C.,rn 
30  H.  Camel. .  L.C.rn 
B.D.  70  1240. 
28  Cephei .... 


N 


L.C. 


L.C.,nr 
L.C.,nr 


h.  m. 

20  53 
55 

21  01 
02 
03 
05 
07 
08 
10 
13 
17 
24 
25 
30 
33 
35 
40 
41 
43 
45 
is 
49 
51 
56 
57 

22  02 
05 
05 
07 
09 
II 
16 
-mi 


s. 


8. 


8. 


36-  85  -  043 
34-43,  (-697) 
27-15 

39-  83' 
17-68 

37-  86 
04-56 
51-42 
59-82 

40-  72 
17-43 
10-45 
55-53 
53-95 
08-48 
57-65 
23-50 

45-  54 
15-96 
40- 10 

46-  37 
:>•_>■  7'.  > 
39-33 

30-  97 
45-17 
37-70 
02-641 

47-  70 

31-  64 
49  07 
02-45 

32-  24 

00-93  


37-40  50-89  13-49  13-50 

37-02   1  1 

27-76  41-29  13-53 

40-  33  53-87  13-54 

18-37  

i39-80  

07-65  

54-  78  08-32  13-54 

00-  32  13-84  13-52 

41-  23  

|29-02;42-93  13-91 
[06-0719-93  13-86 

56-23:09-67   

54  ■  •!."> 

09-  02  22-51  13-49 
58-65  12-20 
25-42  . 
47-57  . 
16-70  30- 17 

10-  40 

46-  66  00-20  13-54 

53-75,  

40-30   |  

31-  1044-60  13-50 

47-  32  

37-9951-51  13-52 
03  05  16-56 

48-  11  01-60 

32-  67  46- 17   

49-  59|  |  

01-  60  

25-36  39-18  13-82 

55-  72  09-09  13-37 


13-51 
13-49 


13-49 


21  40  23  -27  -  043 
41  45-57  (-70S) 
43  15-92 
49  52-771 
51  31-05 

56  46-60 

57  45-10 

22  05  02-66 
05  47-60 
07  51-87 
09  4906 
11  02-42 
16  33-22 
20  01-29' 
23  28-50 
25  49-16 


25-29 
47-57 
16-64  30-16 
53-70 
33-23 
49-13 
47-20, 
03-04  16-55 
4S-04  01-59 
53-87 


h. 

m. 

8. 

20 

53 

50-90 

55 

50-52 

21 

01 

41-26 

02 

53-83 

08 

31-87 

05 

53-30 

07 

21  15 

09 

IN- 28 

11 

13 -S2 

13 

54-73 

26 

09-73 

31 

07-95 

33 

22-52 

36 

12- 15 

40 

38-92 

42 

01  07 

43 

30-20 

45 

53-96 

49 

00- 15 

50 

07-24 

51 

53-79 

56 

44-51 

58 

00-81 

22  02 

51-48 

05 

16-54 

06 

01-60 

(17 

4(1- 10 

10 

03  08 

11 

18-09 

13-51 
13-55 


49-62   

04-53  

26-22  39-36  13-14 


55-99 
30-32 
52-57 


09-23  13-24 


13-49  21  40  38-78 

42  01  06 

43  30- 13 

50  07  19 

51  46-72 

57  02-62 

58  00  09 
22  05  10-53 

06  01-53 
OS  07-36 

10  0311 

11  1802 


23  43-81 
26  06  06 


Clamp  West.  1—33.    Adopted  Ar+m  =  13-502  -  0068  (T-20h  45°). 
34  —  49.    Adopted  clock-rate  zero. 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  .MERIDIAN  CIRCLE — Continued 


Object 


Notes 


o 


Z 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


S3  cj 


.  o 


CO 

<i  a 


a  s 
°  . 


*"3  S» 

o  ft 

<< 


App.  R.A. 
from 
Obser- 
vation 


1910 

Sept.  27  1 

2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
'<  20 
21 
22 
23 
24 
'  25 
26 
27 
28 
29 
30 
31 
32 
33 
!  34 
.  35 
36 
37 
38 
39 
40 

Sept.  28  41 

42 

i  43 
I  44 

45 
46 
47 

i  48 
49 


h.  m.  s 


B.J.  848  

29  Cephei  

226  B.  Cephei 

[B.J.  851  

Groom.  3857. . I 

B.J.  858  r 

B.J.  869  

5  Andromedae 

B.J.  874  

B.J.  875  

Bradley  3085... 
Groom.  4033..  r 
39  H.  Cephei..  rn 
Bradley  3217.. 

B.J.  4  

B.J.  S  

c  Andromedae 

P  Andromedae 
Bradley  34.... 

B.J.  17  

B.J.  20  

B.J.  21  

B.J.  24  

23  Cass  

I  Cass  

y  Andromedae 
322  H.  Camel. .  L.C. 

B.J.  33  

43  H.  Cephei.. 
Bradley  109 .. . 

B.J.  41  

Bradley  137 .. . 
Bradley  155 . . . 
Bradlev  166 .. . 

B.J.  48  

oUrs.Min.... 

B.J.  52  

42  Cass  

B.J.  57  

2  Persei  


,rn 


69  Draconis . .  . 

b2  Cvgni  

20  Vulp  

30  Cvgni  

B.J.  757  

B.J.  759  

176  B.  Cvgni . . 

B.J.  765."  

40  Cygni  


s 

22  27  23  04 

-043 

23- 

a 

28  52-75 

(-708) 

55- 

u 

30  29  04 

31- 

tt 

33  20-32 

22- 

u 

35  04-78 

07- 

u 

39  52-87 

53- 

tt 

57  34-96 

35- 

a 

23  03  28-31 

29- 

a 

04  49-93 

52- 

a 

08  45-19 

46- 

a 

11  12-96 

15- 

u 

13  56-37 

58- 

a 

27  35-24 

47- 

« 

0  04  09-95 

13- 

a 

05  27-00 

27- 

a 

10  55-35 

58- 

13  26-02 

26- 

a 

16  11-41 

11- 

u 

24  56-36 

59- 

a 

31  45-74 

46- 

u 

34  19-55 

19- 

a 

35  12-38 

13- 

u 

39  30-44 

32- 

u 

41  33-49 

35- 

a 

43  27-99 

28- 

u 

44  39-51 

40- 

a 

48  12- 16 

06- 

u 

51  34  02 

34- 

tt 

56  08-14 

17- 

u 

1  01  18-98 

22- 

ft 

04  17-46 

20- 

tt 

OS  20-53 

24- 

u 

12  37-59 

40- 

a 

16-3S-64 

41- 

u 

19  43-96 

45- 

u 

27  02-23 

35- 

tt 

32  16-53 

17- 

a 

35  45- 16 

46- 

u 

37  49-61 

50- 

u 

46  14-35 

 15- 

N 

20  01  53-42 

-042 

56- 

u 

05  52-63 

(•752) 

53- 

a 

OS  02  17 

02- 

a 

10  15-62 

16- 

u 

10  35-13 

35- 

u 

11  40-29 

'43- 

a 

16  47-OS 

47- 

a 

18  47-32 

47- 

tt 

24  01-81 

02- 

79  37 
94  .. 
62  .. 


30 


12-79 


4S  .. 
2lJ.. 

41  06-93  13-52 
58  49- 16  13-58 
03  . 
36  . 
16  59-64 
20 

95  .  . 
56  00-35 
40  .. 
63  41-09 
07  .. 

52  . . 

89  . 
09 

60  00  11;  

96  33-40  13-44 
33  26-74 
SO  . . 

82.. 
98  .. 
10  . 

0919-71  13-62 
55  4S-00  13-45 
40  31-05  13-65 

53  .. 

90  . 
06  . 
45  . 
so  . 

06  5S-64  

75  4S-4S  12-73 

23  30-73   

96  

36  03-S6 
19  . 


37 
15 
51 

371  

88  49-34 

55  

64  

90  01-48 

35  


13 -5S 


13-49 


h.  m.  s 

22  27  37 

29  09 

30  45 
33  35 
35  20 
40  06 
57  49 

23  03  42 
05  05 
08  59 
11  28 
14  12 


0  04  26 
05  41 
11  11 
13  40 
16  25 
25  12 
32  00 

34  33 

35  26 
39  46 
41  49 

43  42 

44  53 


51  4S 


1  01  36 
04  34 
08  37 
12  53 
16  55 
19  58 


13-47 


32  30 
36  00 
38  03 
46  28 

20  02  09 
06  06 
08  15 
10  29 

10  49 

11  57 
17  01 
19  01 
24  15 


Clamp  West. 


Adopted  clock-rate  zero. 
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3  GEORGE  V.,  A.  191} 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


P  z 


XI 

O 


(Polar 
Dev.) 


'  o 


cj 

"a  is 
-  /. 

<  c 

«! 

c 


=  S 

<  < 


|  5 
— 1-< 


App.  R.A. 
from 
Obser- 
vation 


1  41  Cvgni.... 

2  w>  Cvgni .... 

3  B.J.  768  

4  Groom.  3241 

5  B.J.  770  

6  29  Vulp  

7  B.J.  774  

8  B.J.  777  

9  B.J.  778  

10  B.J.  780  

11  220  Hl.  Drac 

12  B.J.  7SS  

13  Bradlev  274S.. 

14  fCygni  I 

15  B.J.  792  

16  B.J.  793  

17  /3Cygni  

IS  Groom.  3409.. 

19  B.J.  795  

20  B.J.  798  

21  B.J.  799  | 

22  a  Cvgni  

23  B.A'.C.  7504.. . 

24  '69  Cvgni  r 

25  1  H.Draconis..  L.C.nr 

26  B.J.  S07  

27  B.J.  809....... 

28  B.J.  Sll  

29  B.J.  S13  

30  B.J.  816  r 

31  B.J.  821  

32  1 14  Pegasi   ' 

33  B.J.  823  

34  Bradlev  2S6S. .  r 

35  13  Cepiiei  

36  Bradlev  2897..  r 

37  16Cephei.... 

38  B.J.  831  

39  B.J.  833  

40  B.J.  S35  

41  i  B.J.  S37  

42  1  H.Lacertae. 

43  B.A.C.  3495.  .  L.C.rn 

44  30  H.  Camel. .  L.C 

45  B.D.  70  1240.. 

46  B.J.  S47  

47  I  B.J.  848  

4S  29Cephei  

49  226  B.Cephei. . 

50  B.J.  851  


h.  m.  s 

N 

20  25  30 

98 

« 

27  03 

61 

a 

28  43 

is 

a 

30  10 

01 

a 

32  27 

OS 

tt 

34  IS 

27 

tt 

35  15 

79 

a 

38  09 

34 

tt 

39  03 

76 

a 

42  21 

<.K 

a 

51  26 

05 

it 

53  36 

73 

« 

55  34 

16 

a 

56  33 

49 

tt 

21  01  27 

10 

a 

82 

a 

03  17 

59 

it 

05  37 

70 

a 

07  04 

13 

u 

09  17 

91 

u 

10  59 

S4 

a 

13  40 

59 

a 

17  15 

611 

u 

21  54 

27 

U 

24  11 

26 

u 

25  55 

in 

u 

27  16 

mi 

a 

33  OS 

46 

a 

35  57 

56 

a 

40  22 

46 

a 

43  15 

S2 

a 

45  40 

06 

a 

48  46 

40 

m 

49  52 

65 

« 

51  39 

27 

a 

56  46 

64 

a 

57  44 

99 

a 

22  02  37 

72 

tt 

05  02 

56 

a 

05  47 

66 

u 

07  51 

95 

a 

09  49 

19 

it 

16  33 

36 

u 

20  01 

59 

a 

•23  28 

50 

tt 

25  37 

42 

tt 

27  22 

H7 

tt 

28  52 

39 

tt 

30  28 

99 

tt 

33  20 

26 

s. 


-042 
(•752) 


8. 

381 
41 

30  56-76 
26 
31 
53 
97 


8. 


13  46 


29-42 


04  23-4S  13-44 


93  17-40 
44  35-99 
26 
33  50-85 
98 
25 
76  41-25 


13-45 


13-47 
13-55 


13-52 


13-49 
13-4S 


13-43 


13-97 


36  53-84 
35  . 

80  .. 
47  .. 
13  32-64 
3813-81 
15  .. 

24  42-21 
78  .. 
49  20  14  13-6.5 

1609-64   

89!  

04  22-48  13-44 

65  12-15  

7S  36-29  13-51 

63  30  14   

451  

73  00- IS 
70  . 
33  . . 

25  .. 
31  :. 
04  51-50  13-46 
00  16-54  13-54. 
1001-58  13-48 

15|  

76  

88  39-54  13-66 
93  09-37  13-44 
52  . . 
55  52- 10 

81  37-28 
92  .. 
84  .. 
65  . . 


13-45 


h.  in. 


13-47 


22  OS- 


23  43- 
25  52- 
27  37- 

29  09- 

30  45- 
34  36- 


Clamp  West. 


Adopted  clock-rate  zero. 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE—  Continued 


Date 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


X 


-7. 
«  I 


c  £ 

o 

—  4- 


-  £ 


App.  R.A. 
from 
Obser- 
vation 


1910 


Sept  .  29, 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  S52.. 
B.J.  855.. 
B.J.  857.. 
B.J.  S58.. 
B.J.  S59.. 
B.J.  862.. 
52  Pegasi . 
B.J.  S69.. 
B.J.  870.. 


<t>  Aquilae. .  .  . 

B.J.  750  

B.J.  752  

15  Yulp  

B.D.  69- 1084.. 

b-  Cygni  

.20  Yulp  

P  Aquilae  

,B.J.  759  

176  B.  Cygni . 
B.J.  765  

40  Cygni  

41  Cygni  


<■>'  Cvgni  

B.J.  "768  

Groom.  3241 . 
B.J.  770...... 

74  Draconis . . 

B.J.  ill  

B.J.  778  

B.J.  780  

B.J.  784  

76  Draconis . .  .  nr 
220  H'.Drac..  nr 

B.J.  788  

Bradley  2748.. 

B.J.  792  

P  Cygni .... 
Groom.  3409. 

B.J.  795  

B.J.  798  

B.J.  799  

Bradley  2796 

69  Cygni  I 

1  H. Draconis..  L.C.,nr 

B.J.  807  

Groom.  3511 . 

P  Cygni  

B.J.  811  

B.J.  813  


N 


h.  m.  s 

22  35  01 
36  47 

38  35 

39  52 
42  00 
45  28 
54  30 
57  35 
59  13 


19  51 
53 
54 
57 
58 

20  II.-, 
08 
09 
11 
16 
18 
24 
25 
27 
2  s 
30 
32 
34 
38 
39 
42 
43 
48 
51 
53 
55 

21  01 
03 
05 
07 
09 
10 
16 
21 
24 
25 
27 
30 
33 
35 


s. 


-042 
(•752) 


■044 
•743) 


02 
47 
35 
53 
00 
28 
30 
35 
13 

46 
05 
33 
11 
42 
53 
02 
55 
43 
47 
47 
02 
31 
04 
143 

11 

29 
29 
09 
03 
22 
42 
57 
29 
37 
36 
27 
IS 
39 
07 
19 
00 
30 
54 
06 
56 
19 
24 
08 
58 


13  15-63 
35  00  S5 
7S49-29 
44  06-92' 
6S  14-10 
44  41-91 

63j  

65  49- 15  13-50 
64  27  03  13-39 


13-50 
13-50 
13-51 
13-4S 
13-42 
13-47 


13-47 


h.  m.  s. 

22  35  15-60 

37  00-82 

38  49-25 
40  06-91 
42  14- 15 
45  41-91 
54  44-10 
57  49  12 
59  27  11 


83  1  13-49 

94  19-43   | 

46  46-95  13-49 
76  ... 


13-52 


63  . 

07  . 
42  . 

08  . 

32  . 
56 

94  01-46 

30  . 

31  . 
30  . 

30  56-75  13-45 

93  1  

93  

33 

99  23-46  13-47 
91  17-38  13-47 
46  35-97 
4155.91 
2710-95 
78  43-55 

33  50-83 

66  

70  41-23 
36  1 

67  - 
15  . 

12  32-61 

32  13-79 
49  . 

77  1  

0120-3S  14-37 
08  09-62 
24 

18| . 

95  22-46 
53  12- 12 


13-51 
13-50 
13-68 
13-77 
13-50 


13-53 


13-47 


13-51 


19  52 
53 
54 
57 
58 

20  06 
08 
10 
11 
17 
19 
24 
25 
27 
28 
30 
32 
34 
38 
39 
42 
43 


00-  32 
19-43 
46-95 
25-25 
56- 12 
06-56 
15-91 
OS -57 
56-81 
01  05 

01-  43 
1.5-79 
44  M) 
17-79 
56-79 
25-42 
43-42 
42-82 
23-48 
17-40 
35-95 
55-90 


53  50-82 
55  50- 15 
21  01  41-19 
03  31-85 
05  53-16 
07  20-64 
09  32-61 
11  13-81 
16  43-98 
22  08-26 


26  09-57 

27  32-73 
30  37-67 
33  22-44 
36  12  02 


Clamp  West. 


Adopted  clock-rate  zero. 
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3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


3 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


=  5 


0] 

a 


1+ 
1*3 


I; 

<  1 


App.  R.A. 
from 
Obser- 
vation 


h.  m. 


8. 


8. 


9 

1(1 
11 

12 
13 
14 
15 
L6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


B.J.  S17  

78  Draconis.. 

B.J.  821  

14  Pegasi .... 

B.J.  823  

Bradley  2S68. 
13  Cephei .... 
Bradley  2897. 
16  Cephei  ... 

B.J.  S31  

B.J.  833  

28  Pegasi .... 

B.J.  837  

1  H.Lacertae. 
Bradley  2942. 
B.A.C.  3495. . 
30  H. Camel . . 
B.D.  70-1240. 

28  Cephei .... 
B.J.  848  

29  Cephei... . 

B.J.  851  

Groom.  3857. 
52  Pegasi .... 

B.J.  869  r 

B.J.  870... 
B.J.  871... 
5  Andromedae 

B.J.  874  

B.J.  875   

Bradley  30S5. . 

B.J.  880  

B.J.  881  

B.J.  885  

39  H.  Cephei. . 

B.J.  890  

Groom.  4119.  . 

4  Andromedae 


L.C.nr 
L.C.nr 


X  Urs.  Min. . . 

b  Aquilae  

21  B.Vulp  

4  Cygni  

a  vulp  

B.J.  733  

45  8  Cygni  

46  B.D.  49-3059. 

47  B.J.  738  

14  Cygni  

10  Vulp  


21  40 
41 
43 
45 

;  48 

49 
51 
56 
57 

22  1)2 
05 
06 
07 
09 
11 
16 
20 
23 
25 
27 
28 
33 
35 
54 
57 
59 

23  00 
03 
04 
08 
11 
15 
20 
24 
27 
32 
35 
41 


N 


19  09  33 

20  28 

21  29 

22  41 

24  45 
27  12 

25  13 
33  18 
33  4S 
36  17 
39  46 


13  -  044 
06  (-743) 


29  -  -034 

75'  (-740) 

941 

95 

26 

85 

01 

11 

54 

84 

14 


25 
47 
16 
40 
46 
53 
4(1 
4s 
47 
38 
03 
03 
53 
49 
04 
26 
56 
30 
52 
23 
55 
22 
07 
30 
35 
L3 
i).-) 
29 
52 
46 
15 
59 
42 
25 
47 
58 
OS 
23 

15 
28 
30 
42 
45 
13 
13 
is 
19 
18 
ir, 


n 

30 
5630-12 
36| 
67  00-17 
65 
18 
96 
02 
01  51-49 
03  16-53 
68 
96 
59 
40 
46  39-70 
35  09-50 

44  

37 1 

70'37-27 

771  

44  

19  

65  

60  49  14 
53127  03 
5919-10 

Oil  

21  

07  59-62 
22 

82  13-36 
L9  55-68 
20  38-69 
1300  06 
4912-01 

85  

40  


13  -50 


13-48 
13-50 


40  30  06 

89  

26  

46  

58  

73 '27 -25 
48  

W  

37  02-78 
48 
47 


s.      h.  m.  8. 

13-49  21  40  38-60 

42  00-79 

43  30  05 
45  53-85 

49  00- 10 

50  07- 14 

51  53-67 

57  02-45 

58  00-51 
22  02  51-50 

05  16-52 

06  1717 
OS  07-45 

10  03-08 

11  17-89 


13-24 
13- 15 


13 -.',4 
13-50 


13  -54 
13-49 
13-49 
12-93 


14-66 


23  43.93 

26  05-86 

27  37  19 

29  09-26 

33  35-93 

35  20-68 

54  4-1  14 

57  49  09 

59  27  02 

23  00  19-08 

03  42 -50 

05  05-70 

(is  .-,9-56 

11  28-71 

16  13-31 

20  55-68 

24  38-69 

33  11-98 

35  22-34 

41  36-89 

13-45 

19  20  42-34 

21  43-71 

22  55-91 

24  59-08 

27  27  18 

28  26-93 

33  32-30 

34  02-82 

36  31-93 

39  59.92 

Clamp  West. 


Adopted  clock-rate  zero. 
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SESSIONAL  PAPER  No.  25a 

TABLE  in. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Object 


Notes  s? 


-2 
O 


Time  of 
Observed 
Transit 


Com.. 


(Polar 
Dev.) 


--  _ 


32 


Si  o 
c 


=  S 

9 

3« 


1910 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


r 


B.J.  740  

B.J.  742  

B.J.  743  

i  Sagittae. . . . 

<P  Aquilae  

B.J.  750  

B.J.  752  

IS  Yulp  

Groom.  1119 .  . 
176  B.Cvgni. . . 
B.J.  765'.  

40  Cygni  

41  Cygni  

«'  Cygni  

B.J.  768...... . 

f  Delphini .... 

B.J.  771  

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  7S0  

B.J.  784...... . 

76  Draconis . . . 
220  H'.  Drac. 

B.J.  788  

/'  Cygni  

B.J.  792  

B.J.  793  

/-Cygni  

B.J.  798  

B.J.  799  

v  Cygni  

B.J".  S04  

69  Cvgni  

B.J.  S07  

P  Cygni  

B.J.  811  

B.J.  813  

B.J.  816  

B.J.  821  

14  Pegasi  

B.J.  823  

Bradley  2868. . 

13  Cephei  r 

B.J.  826  

B.J.  831  

B.J.  833   

B.J.  S35  

B.J.  S36  


L.C. 


h.  m. 

8 

N 

19  40 

49 

24 

« 

41 

56 

Ml 

a 

43 

10 

42 

u 

44 

46 

90 

a 

51 

46 

68 

a 

53 

05 

03 

a 

54 

33 

23 

a 

57 

11 

41 

it 

20  09 

16 

61 

« 

16 

47 

ni 

a 

18 

47 

40 

it 

24 

01 

76 

« 

25 

30 

90 

a 

27 

03 

57 

if 

28 

43 

17 

« 

30 

54 

36 

u 

33 

08 

01 

u 

34 

18 

26 

« 

35 

15 

79 

a 

38 

09 

18 

u 

39 

03 

7s 

a 

42 

21 

97 

ft 

43 

41 

92 

a 

48 

51 

98 

« 

51 

25 

59 

« 

53 

36 

71 

a 

56 

33 

42 

u 

21  01 

26 

98 

u 

02 

39 

85 

u 

03 

17 

57 

a 

09 

17 

89 

U 

10 

59 

79 

u 

14 

01 

01 

u 

17 

43 

S3 

u 

21 

54 

32 

ii 

25 

55 

46 

u 

30 

23 

47 

ii 

33 

08 

43 

u 

35 

57 

53 

a 

40 

22 

49 

u 

43 

15 

S4 

a 

45 

40 

05 

a 

48 

46 

39 

a 

49 

52 

56 

u 

51 

39 

11 

u 

56 

31 

00 

a 

22  02 

37 

67 

u 

05 

02 

61 

u 

05 

47 

66 

u 

07 

31 

56 

s. 


s. 


-  034  49 
(•740)  57 
10 
47 
46 
05 
33 
11 
40 
47 
47 
02 
31 
04 
43 
54 
iOS 
18 
15 
09 
03 
22 
42 
57 
29 
37 
34 
27 
40 
IS 
19 
00 
01 

« 

54 

56 
•24 
09 
58 
22 
16 
40 
40 
53 
40 
31 
37 
03 
4.s 
32 


77  03-20  13-43 
50  10-99  13-49 
64  24  09  13-45 
13  . 
81  . 

94  19-40 
47  46-93  13-46 

77  

76  55-27  14-51 

57  

9801-44  13-46 

30  

30  

37  1  

29  56-73  13-44 

53  

18  21-64  13-46 

52'  

98  29-39  13-41 
88  23-44 

95  17-37 
44  35-95 
43  55-89 
25  10-79 


13-56 
13-42 
13-51 
13-46 
13-54 


13-49 
13-46 
13-45 


8. 

13-45 


34  50  S1  13-47 
18  ;  

64  41-21  13-57 
39  53-SO  13-41 

33.  

11  32-57   

33  13-77  13-44 

49  

07  57-52  13-45 
S3 

22  09-60  . 

18l  !  

01  22-45  13-44 

62  12-10  

S2  36-27  13-45 

65  30-10   

44  1  

72  00- 15  13-43 

60  1  

24  

15  44-56  13-41 
99  51-48 
05  16-51 
10  01-55 
68  46-09 


Clamp  West. 


Adopted  cloek-rate  zero. 
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i  keorce  v.,  A.  1»1J 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Date 


c  . 
go 


Object 


Notes 


Time  of 
( Hisrrved 
Transit 


— 


Coll. 


(Polar 
Dev.) 


9.0 


-7. 
<  c 

-\ 


u  -1- 
=3  ■ 


I  5 
1+ 
<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
Sept.  30 


Oct.  3 


Oct.  7 


1  H.Lacertae. . 
B.A.C.  3495. 

B.J.  844  

B.J.  847  

B.J.  848  

B.J.  852  

B.J.  855  

B.J.  857  

B.J.  858  

B.J.  859  

B.J.  862  


L.C. 


N 


12  B.J.  7S0  

13  |B.J.  804  

14  1  H.Draconis 

15  B.J.  831  1 

16  |B.J.  833  r 

17  B.J.  835  

18  B.J.  836  | 

19  1  H.Lacertae. 

20  B.A.C.  3495.. 

21  30  H. Camel.. 

22  B.J.  847  

23  B.J.  848  

24  B.J.  852  

25  B.J.  857  

26  B.J.  858  

27  B.J.S59  

28  B.J.  862  

29  B.J.  869  

30  B.J.  870  

31  B.J.  875  

32  B.J.  8S0  

33  B.J.  881  

34  39  H.Cephei.. 

35  B.J.  S90  


L.C. 


L.C. 
L.C. 


Groom.  1119. . 
176  B.Cvgni.. 
B.J.  765  

40  Cvgni  

41  Cygni  

w1  Cygni  

B.J.  768  

f  Delphini . . . 

B.J.  771  

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  


L.C.nr 


h.  m.  s. 

22  09  49  01 
16  33-71 
19  49- 13 
25  37-46 
27  22-96 

35  01-59 

36  47-31 

38  35-37 

39  52-86 
42  00-36 
4.-,  -js  09 


s.         a.     h.  m.  s. 

-•034    49-58   1   13-45  22  10  03  03 

(-740)  26-26  39-88  13-62 


N 


20  42 

21  17 
24 

22  02 
05 
05 
07 
09 
16 
20 
25 
27 
35 
38 
39 
42 
45 
57 
59 

23  OS 
15 
20 
27 
32 


21-  67 

43-  47 

11-  74 
37-39 
02-18 

47-  27 
31-18 

48-  63 
34-33 
02-32 
37  09 

22-  58 
01-23 
35  04 
52-61 

(Kills 

27-77 
34-75 

12-  91 

44-  73 
59-27 
41-61 
33  04 
57-44 


50-02  03-44 
38-59  52-06 
23-78  37-25 
02- 14  15-61 
47-42  00-84 
35-76  49-28 
53-47  06-90 
00-66  14  09 
,28-40  41-90 


-045 

(•764) 


N 


22- 

;43- 

|06 
37 
02 
47 
32 
49 
26- 
56- 
38- 
23- 
01- 
35- 
53- 
00- 
28- 
35- 
13- 
45- 
59- 
41- 
46- 
58- 


14  35-89 

71  57-49 
9120-90 
70  51-45 
63  16-48 

72  01-52 

32  46  03 

21  

75  40-34 
58  09-97 
24  52  01 
42  37-21 
7915-58 
44  49-26 
23  06-87 
3S  1407 
07  41-88 
39  49  12 
27  27-02 
82  59-58 
57  13-35 
90  55-67 

33  59-58 
17  1200 


13-47 
13-42 
13-52 
13-43 
13-43 
13-50 

13-75 
13-78 
13-99 
13-75 
13-85 
13-80 


13-75 


13-59 
13-39 


13-79 
13-82 
13-64 
13-69 
13-81 
13-73 
13-75 


13-78 
13-77 
13-25 


13-76 


20  03-47 
25  52  04 
27  37-28 
35  15-59 

37  00-87 

38  49-21 
40  06  92 
42  14-11 
45  41-85 

20  42  35-89 

21  17  57 -46 


22  02  51-46 

05  16-39 

06  01-48 

07  46  08 
10  02-97 


13-77 


25  52  00 
27  37  18 
35  15-55 
38  49-20 
40  06-99 
42  14-14 
45  41-83 
57  49  15 
59  27-03 
23  08  59-58 
16  13  33 
20  55-68 

33  HM 


20  09  23-65  -  046 
16  45-84  (-713) 
18  46-21 

24  00-62 

25  29-811 

27  02-35 

28  42-06 
30  53-22 

33  06-94 

34  17  10 

35  14-57 

38  08-09 

39  02-67 


49-S0  03-35  13-55  14-4S 

46-371  

46-76  01-27  14-51   

01-  13   14-49 

30-18  

0310  

42-17  56-63  14-46 

53.38  

07-09  21-54  14-45 

17-34  

14-74  29-29  14-55 
0S-74  23  27  14-53 

02-  8317-26  14-43 


•J(i 


17  00-85 
19  01-24 

24  15-62 

25  44-67 

27  17-59 

28  56-66 
31  07-87 

33  21-58 

34  31-83 

35  29-23 

38  23-23 

39  17-32 


Clamp  West.  1-11.    Adopt e<I  clock-rate  zero. 

12-35.  Adopted  Ar+m  =  13-75S-|--0050  (T-22b  00"). 
36—18.    Adopted  ±T+m  =  14-505+  0136  (T-21"  50"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


CJ 

PS 


Object 


Notes 


B.J.  780  

B.J.  784  

76  Draconis . . 
220  H1  Drae.. 

B.J.  78S  

/'Cygni  

B.J.  792  

B.J.  793  

P  Cygni  

B.J.  79S  

B.J.  799  

Iff  Cygni  

13  B.A.C.  7504.. 

14  69  Cygni  

15  |l  H. Draconis. 

B.J.  807  

P  Cygni  

B.J.  811  

B.J.  813  

B.J.  816  

B.J.  821  

22  14  Pegasi.  .  .  . 

23  B.J.  823  

Bradley  2868. 
13  Cephei .... 
B.J.  826  

831  

833  

835  

836  

1  H.Lacertae. 
B.A.C.  3495.. 
30  H. Camel.. 

B.J.  847  

B.J.  S48  

B.J.  852  

B.J.  855  '. 

B.J.  857  

B.J.  858  

B.J.  S59  

B.J.  862  

52  Pegasi .... 

B.J.  869  

B.J.  870  

B.J.  871  

5  Andromedae 

B.J.  875  

B.J.  881  

B.J.  S85  

39  H.  Cephei. 


8 
9 
10 
11 
12 


24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


nr 
r 

L.C. 


B.J. 
B.J. 
B.J. 
B.J. 


L.C. 
L.C. 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


h.  m.  s. 

6. 

XT 
~\ 

~>o  4.9  9n .  «a 

L\J  *±j£   LAJ '  oU 

—  U-iU 

U 

£1  Aft .  7t\ 
Id  "rU  *  i  U 

/  Id) 

a 

AQ  ^ft.OO 

u 

El  OA.ft^ 
0 1   £-x  '  UO 

u 

OO  OO ■ Do 

a 

u 

01   01   9^,  QA 

u 

09  38.ft4 

u 

(Yl   1ft .  d3 
UO   1U  ■  -iO 

a 

uy  iu ■ uo 

u 

1U   On  '  0 1 

a 

1  "i  AQ 

u 

17  19  eo 

u 

91  c.Q.90 

w 1  oo ■ — u 

u 

OA  1 1  . 

*y±  1 1  ■  -±o 

u 

OK  ZA.OK 
60  04  — <) 

« 

Oft  99. OA 
OU        ■  *iO 

it 

oo  AT  9ft 

oo  \Ji  —  o 

u 

oc  OA 
OO  OU  ■  o-± 

u 

Aft  91  .1A 

a 

A1  ~\A  fifi 
to  1-*  •  Do 

it 

AC    QO  01 

*±0  oo  ■  y  1 

u 

-Ift  je  OA 

u 

AO.  ^1  .  t\Q 
■±y  0 1  ■  o£i 

u 

Ol  oo • 1 1 

It 

Eft   OQ  Ci 

oo  — y  ■  o-i 

a 

99  OO  K.^ 
,£Z  U-£  oO • oo 

it 

05  01-57 

a 

05  46-59 

U 

07  30-38 

09  47-86 

u 

16  33-31 

(( 

20  01  11 

a 

25  36-27 

a 

27  21-71 

u 

35  00-4S 

a 

36  46-22 

a 

38  34-33 

u 

39  51-61 

u 

41  59-25 

a 

45  27-04 

a 

54  29-52 

a 

57  33-98 

It 

59  12-22 

u 

23  00  04-42 

U 

03  27- 11 

a 

08  44  02 

« 

20  40-94 

u 

24  24-OS 

a 

27  33- 15 

SO 


<  a 

psl 


8. 

21-30  35.82 
41-23  55-75 
55-23,09-80 

28-02  

36-19  50-66 

32-931  

26-46  41-06 
39-1553-67 
17-14 


4- 


17-82 
59- 11 
40  02 
24-36 

53-  67 
07  00 

54-  93 
22-92 
07-81 
57-37 
21-64 
15-4429-96 
39-28 
45-54  00-08 
52-50 


44-  50 
51-41 
16-44 
01-48 

45-  94 


14-52 
14-52 
14-57 


14-47 


14-60 
14-52 


32-34 
13-65 

14-54 

39-42 

1506 

21-40 
09-46 

14-40 

22-34 
11-91 
36  19 

14-53 

14-55 

14-54 


39  10 
29-97 

36-  84 
01-99 
47  01 
31-44 
48-39 

26-  29  41-00 
55-79  10  41 

37-  34  51-93 
22  -49  37-16i 
01-00  15-55 
46-32  00-80 
34-70|49-23 
52-19  06-84 
59-53  14-05! 

27-  32  41-86 

29-631  

34-57  49-09 
12-55  27-00 
04-58  19 -OS 

27-86'  

45-03  59-55 
41-21  55-67 
24-21  38-68 
45-51  59-20 


14-53 
14-57 
14-45 
14-47 


14-71 
14-62 


14-55 
14-48 
14-53 
14-65 
14-52 
14-54 


14-52 
14-45 
14-50 


14-46 
14-47 
13-69 


s. 
14-49 


h.  m.  s. 

20  42  35-79 
43  55-72 


14-50 


App.  R.A. 
from 
Obser- 
vation 


51  42-51 
53  50-6S 
56  47-42 
21  01  40-95 
02.  53  -64 
03  31-63 
09  32-32 
11  13-61 
13  54-52 


22  08-17 


14-51 


26  09-43 
30  37-42 
33  22-31 
36  11-87 
40  36- 14 
43  29-94 
45  53 -78 

49  00-04 

50  07  00 

51  53-61 
56  44-48 

22  02  51-35 

05  16-50 

06  01-52 

07  45-95 
10  02-90 


14-52 


14-53 


25 
27 
35 
37 
38 
40 
42 
45 
54 
57 
59 
23  00 
03 
08 
20 
24 


51-85 
37  00 
15-52 
00-84 
49-22 
06-71 
14  05 

41-  84 
44- 15 
49  09 
27-07 
19-10 

42-  38 
59-55 
55-74 
38-74 


Clamp  West. 


1—50.    Adopted  ir+m  =  14-505+-0136  (T-21h  50"). 
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3  GEORGE  V.,  A.  191 J 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


85 


Object 


Notes  « 


C 


Time  of 
Observed 
Transit 


Coll. 


is  ^. 


is  -a* 


(Polar 
Dev.) 


-  : 
30 


S 


a 

0  L. 
<< 


App.  R  A. 
from 
Obser- 
vation 


h.  m.  s. 


8. 


s. 


1  Groom.  1119..  L.C.,nr|  N 

2  176  B.Cygni... 

3  B.J.  765  

4  40  Cygni  r 

5  41  Cygni  

6  w1  Cygni  

7  'Groom.  3241 .  . 

8  B.J.  770  :.| 

9  29  Vulp  

10  B.J.  774  

11  B.J.  777  

12  B.J.  778  

13  B.J.  780  

14  B.J.  784....... 

15  76  Draconis . . . 

16  220  H1.  Drac. 

17  B.J.  7SS  

18  Bradley  2748. . 

19  /-Cygni  

20  B.J.  792  

21  B.J.  793  

22  f-  Cygni  

23  Groom.  3409.  . 

24  B.J.  795  

25  jB.J.  798  

26  B.J.  799  

27  it  Cygni  

28  Bradlev2796. 

29  69  Cvgni  

30  1  H.Draconis..  L.C.nr 

31  B.J.807  1 

32  B.J.  809  

33  72  Cvgni  

34  B.J.  811  

35  B.J.  813  

36  B.J.  S17  

37  7S  Draconis . . 

38  I  B.J.  821  

39  14  Pegasi  

40  B.J.  823  

41  Bradley  2S68. 

42  113  Cephei  |r 

43  Bradley 2897.. 

44  1 16  Cephei  r 

45  B.J.  831  

46  B.J.833  

47  B.J.  835  r 

48  B.J.  S36  

49  1  H.Lacertae. 

50  Bradley  2942. 


20  09  26 
16  44 
18  45 

23  59 
25  2S 
27  01 
30  07 

32  24 

34  16 

35  13 

38  07 

39  01 

42  19- 

43  39- 
48  48- 
51  22 
53  34 

55  31' 

56  31 

21  01  25 

02  37 

03  15 
05  35 
07  01 

09  15 

10  57 
13  58 
16  24 
21  52 

24  10 

25  53 
27  14 
30  51 

33  06 
35  55 

40  20 

41  43 
43  13 
45  38 

48  44 

49  50 
51  37 

56  44 

57  42 

22  02  35 
05  00 
05  45 
07  29 

09  47 

10  59 


15-048 
96  (-705) 
37 
73 
92 
45 
31 
71 
30 
72 
15 
73 
96 
92 
SI 
69 
72 
32 
33 
01 
77 
51 1 
20| 
39 
07 
77 
98 
85| 
38| 
SO 
36 
58 
90 
40 
53 
92 
02 
SO 
07 
45 
65 
12 
10 
•58 
82 
69 
69 
48! 
07 
86 


53-33  07-36  14-03  15-29 

45-48   15.30 

45-9101-20  15-29 

00-  24|  

29-28!  I 

02-19  

09-39  

27-15  

16-53  

13-  89  29-24  15-35 
07-SO  23-20  15-40 

01-  S8  17-22  15-34 
20-38  35-76  15-38 
40-38  55-69  15-31 

53-  73  09-29  15-56 

26-  591  I 

35-  27  50-60  15-33 

33-92   15-31 

32-031  

25-62  40-99  15-37 
38-2853-61  15-33 
16-21   

37-  15   

04-48 1  

16-80  32-23   

58-  26  13-60  15-34 

59-  42|  I  

27-  67   '  

52-84   1  

06-39  21-86  15-47 

54-  03  09-39   

16-42  

52-41  !  

06-93  22-28  15-35 

56-54  11-82   

22-85   15-32 

45-  06'  

14-  54  29-90!  

38-  43   1  

44-7500-03  15-2S 

51-62   

38-09  

46-  52  

44-73  

36-  10  51-37  15-27 


20  17  00-78 
19  01  21 

24  15-54 

25  44-58 
27  17-49 
30  24-69 
32  42-45 

34  31-83 

35  29-19 

38  23- 1» 

39  17  18 

42  35-68L 

43  55-68 


51  41-89 
.53  50-57 

55  49-23 

56  47-34 
21  01  40-93 

02  53-59 

03  31-52 
05  52-48 
07  10-79 
09  32  11 
11  13-57 
14  14-73 
16  42-98 
22  08- 15 


01  09  16-39 

46-  0901-42 
30-51  45-87 

47-  60   

02-03   


15-30 
15-33 


26 
27 
31 
33 
36 
40 
42 
43 
45 
49 
.50 
51 
57 
58 
22  02 
05 
06 
07 
10 
11 


09-34 
31-73 
07-72 
22-24 
11-S5 
38  17 
00-38 
29-86 
53  •  75 

00-  07 
06-94 
53-41 

01-  84 
00  05 
51-42 

16-  41 

01-  41 
45-83 

02-  92 

17-  35 


Clamp  West. 


1—50.    Adopted  ST+m  =  15-318+  -0140  (T-21b  50°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


"5 
«2 


Object 


TVT 

JNOTES 

Observer 

1  ime  oi 
Observed 
i ransiL 

a.  m  S- 

Lt.\s.fYu 

N 

JO   1 A  QQ  11 
10  OO ' 1 i 

Ij.l..  ,rn 

u 

on  nn  aq 
Z\J  UU  •  4o 

OQ   OA  QO 
Zo  -' 1 

u 

ZD  OD * 

a 

97  9O..09 
Zi  Z\J'\SL 

it 

Oft  AQ , Q9 
Zo  4y •  <*- 

u 

on  OA  ,19 

a 

qo  1 7 , 07 
oo  li  • OI 

u 

OA  CQ.A^ 

04  oy  *  \)D 

r 

u 

QA  ax.  on 

oD  40 • oy 

a 

38  33-53 

r 

u 

39  50-86 

r 

it 

AV\    KG.  .  JQ 

41  Oo  *  4o 

u 

AC  OA  91 
40  -iD'Zl 

u 

C/t  OQ  A7 
01  ZO'\)i 

a 

K7    QO  1J_ 

0/  OO' 14 

u 

CO   1 1  QA 

oy  1 1 • OD 

r 

u 

OQ  fM    .17  49 
ZO  U4  4  /  ■  4Z 

u 

no  aq  in 

Uo  4o • 1U 

it 

1 Q    K  1    1  A 
io  04  ■  ID 

r 

u 

IE    K7  7Q 

10  0/ • to 

u 

on  AH  Oft 
ZU  4U  *  Uo 

rn 

u 

97  °.1  *M 

s 

OA  (Y7  KQ  ,  7A 

z\j  \)i  oy  •  <  o 

(( 

no  co . cq 
uy  oz • oy 

It 

1 1  3.7  no 
ii  oi -uy 

It 

1A  j_i  ak 

10  44 • DO 

r 

il 

OQ  KG  A7 

zo  oy • 4 i 

Z0  'Zo'OO 

a 

07  ni  on 
Z/  Ul  —  U 

a 

oo  /in  ca 

Zo  4U*oO 

r 

u 

on  ko  nc 

o\J  DZ  •  UO 

it 

qo  o-i  cn 

OZ  Z4-0U 

rn 

a 

Q-i   OI  ACl 

a4  zi-4y 

a 

qq  nA  on 
oo  ud ■ yu 

it 

39  01-42 

it 

42  19-66 

r 

a 

43  39-62 

.  rn 

u 

48  48-32 

.  rn 

a 

51  22-49 

a 

53'34-40 

a 

55  31-10 

u 

21  01  24-72 

a 

03  15-27 

u 

05  34-93 

u 

07  01  09 

u 

09  15-43 

a 

10  57-45 

Coll. 


(Polar 
Dev.) 


—  03 
°£ 
<  a 

a 


8  + 


O, 
<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 


LO 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


B.J. 
B.J. 
B.J. 
B.J. 
B.J. 
B.J. 


B.A.C.  3495.. 
30  H. Camel . . 
B.  D.  70- 1240. 

B.J.  847  

B.J.  S48  

29  Cephei  

226B.Cephei. 

B.J.  851  

852  

855  

857  

858  

859  

862  

52  Pegasi  

iB.J.  869  

B.J.  870  

'B.J.  874  

B.J.  S75  

Groom.  4033 . 

B.J.  880  

B.J.  881 

39  H.  Cepbei. 

.20  Vulp. 
P  Aquilae. . . . 

B.J.  759  

176  B.  Cygni. 

40  Cygni  

41  Cygni  

wl  Cygni  

B.J.  768  

f  Delphini... . 

B.J.  770 ..... . 

74  Draconis . . 

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784  

76  Draconis . . 
220  Hl.  Drac. 

B.J.  788  

Bradley  2748. 

B.J.  792  

P  Cygni  

Groom.  3409. 

B.J.  795  

B.J.  798  

B.J.  799  


-•048 
(•705) 


s. 


41-46 
10-81 


20 
25 
18 
50  51-87 
68137-10 

19  

06|  

081  

1615-51 
49,00-78 
89  49-20 
42  06-80 
69!  14  02 
49  41-84 

78|  

7149-05 
69  26-98 
91  

-09  59-50 

61  

m  13-32 

•34  55-65 
92  58-76 


15-26 
15-56 


-•049 
(•723) 


00-  09 
52-78 
40  07 
45-21 
59-96 
28-96 

01-  92 
40-99  56-57 
52-18 


15-35 
15-29 
15-31 
15-38 
15-33 
15-35 


15-34 
15-29 


15-28 
15-31 
14-84 


15-58 


26-91 

25-  74 
07-59  23-17 
01-6017-20 
20-12  35-74 
40-07  55-67 
53-35  09-12 

26-  49  42-09 
34-99  50-5S 

33-68!  

25-38  40-97 

15-  95  

36-85  

04- 15  

16-  54|32-20 
57-9913-58 


15-58 
15-60 
15-62 
15-60 
15-77 
15-60 
15-59 


8. 

15-32 


15-59 


h.  m.  s. 


5-33 


15-34 


22  23 
25 
27 
29 
30 
33 
35 
37 
38 
40 
42 
45 
54 
57 

23  00 
05 
08 
14 
16 
20 


43-  51 
51-83 
37-01 
08-52 

44-  39 
35-41 
15-49 
00-82 
49-22 
06-75 
14-02 
41-82 
44-11 
49-04 
27-02 
05-25 
59-43 
11-95 
13-38 
55-68 


15-58 


15-59 


20  08  15-67 

10  08-36 

11  55-65 
17  00-79 

24  15-55 

25  44-55 

27  17-51 

28  56-58 

31  07-77 

32  42-50 
34  41-33 

38  23-18 

39  17-19 

42  35-71 

43  55-66 


15-60 


15-59 


53  50-58 
55  49-27 
21  01  40-97 
03  31-55 
05  52-45 
07  19-75 
09  32-14 
11  13-59 


Clamp  West.  1—23.    Adopted  Ar+w  =  15-31S+-0140  (T-21h  oO"). 

24—48.    Adopted  Ar+m  =  15-598+-0141  (T-21h  15"). 

25a— 27 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


c 

t  = 


Object 


Notes 


0 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


-  L 


< —  ri 

r  — 

■f. 

<  B 

—  a 
a 
M 


a  £ 

<  1 


<  1 


App.  R.A. 
from 
Obser- 
vation 


1  iBradley  2796..1 

2  69  Cygni  r 

3  1  H.Draconis..  L.C.rn 

4  B.J.  807  

5  B.J.  811  

6  B.J.  817  

7  78  Draconis . . . 

8  B.J.  821  

9  14  Pegasi  

10  B.J.  S23  

11  79  Draconis... 

12  B.J.  826  

13  16Cephei  

14  B.J.  831  

15  B.J.  833  

16  128  Pegasi  

17  B.J.  837  

18  Bradley  2942.. 


19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


40  Cygni  

41  Cygni  

w1  Cygni  

'Groom.  3241 . 

B.J.  770  

'B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784  r 

76  Draconis. ..  nr 
220  H'.Drac. .  nr 
'Bradley  2748.. 

B.J.  792  

B.J.  793  

B.J.  795  

B.J.  79S  

B.J.  799  

v  Cygni  

B.A.C.  7504...  nr 

69  Cygni  r 

1  H.Draconis..  L.C.nr 

72  Cygni  

B.J.  811  

B.J.  813  

B.J.  817  

7S  Draconis. . .  r 

B.J.  821  

14  Pegasi  

B.J.  823  

Bradley  2868.. 


b.  m.  s. 

s. 

8. 

s 

21  16  24-54 

-049 

27- 

tt 

21  52  05 

(•723) 

52- 

a 

24  10-78 

06- 

a 

25  5313 

53- 

u 

33  06  06 

06- 

a 

40  20-57 

22 

u 

41  42-55 

44 

m 

43  13-50 

14- 

m 

45  37-71 

38- 

a 

48  44  04 

44- 

u 

51  28-22 

30- 

a 

56  28-71 

28- 

a 

57  42-31 

44- 

(i 

22  02  35-40 

35- 

a 

05  00-20 

00- 

a 

06  01-20 

01- 

a 

07  49-37 

51- 

u 

10  59-47 

01- 

N 

20  23  58-72 

■06S 

59- 

a 

25  28-00 

(•792) 

28- 

u 

27  00-54 

01- 

a 

30  06- 10 

1  lv 
I  IS 

a 

32  23-44 

26< 

u 

35  12-86 

13- 

a 

38  0616 

07- 

tt 

39  00-85 

01- 

tt 

42  19  09 

19- 

tt 

43  39  04 

39- 

48  46-38 

52- 

tt 

51  20-S9 

25- 

u 

55  29-65 

32- 

u 

21  01  24  01 

24- 

tt 

02  36-86 

37- 

tt 

06  59-72 

03- 

tt 

09  14-60 

16- 

tt 

10  56-SO 

57- 

a 

13  58-01 

58- 

a 

17  06-70 

21- 

: 

21  51-35 

52- 

24  11-41 

05- 

a 

30  50-97 

51- 

tt 

33  05-39 

06- 

a 

35  54-31 

55  ■ 

a 

40  19-39 

21- 

tt 

41  41-52 

44. 

a 

43  12-78 

13- 

it 

45  3705 

37- 

u 

48  43-41 

4::  ■ 

tt 

49  49-46 

50- 

33 

50  I 
27  22-03  15-76 

78  09-37   

64  22-26  15-62 
47 
71 

23  29-87 

10  1  

3700  02  15-65 

42  

87  44-46  15-59 

44  

7151-36  15-65 
70  16-38  15-68 

46  1  

39 
til 


h.  m.  s 

15-60  21  16  42 
22  OS 


15-61 


44 

54  

55  

78  

55  

15  29-21 
05  23-14 
13  17  19 
7135-72 
71  55-65 
59  08-94 
83  


1606 
16  09 
1606 
1601 

15-  94 

16-  35 


1603 


1604 


1609 
15-99 


86  40-95 
58  53-57 

65  

09  32- 16   

50  13-56  16  06 

65  

29  37-53  16-24 

02  

8622-20  16-34 
69  


15  22-24  16  09 

6611-76   

88  

14  

SO  29-85   

58  

87  00  01  16- 14 


1605 


26  09 
33  22 
40  38 

42  00 

43  29 
45  53 
48  59 
51  46 
56  44 
:,s  no 

22  02  51 

05  16 

06  17 
lis  117 

11  17 

20  24  15 
25  44 

27  17 
30  24 
32  42 
35  29 
Us  23 
39  17 

42  35 

43  55 


51  41 
55  49 
21  01  40 
02  53 
07  19 
09  32 
11  13 
14  14 


22  OS 


31  07 
33  22 
36  11 
40  37 

42  00 

43  29 
45  53 
48  59 
50  06 


93 
10 


;;s 
24 
117 
31 
S3 
71 
US 

03 
48 
05 
32 
31 
07 
00 
22 

47 

57 
58 
81 
:,s 

18 

lis 

16 

71 
74 


86 

02 
90 
62 

a 

13 
54 
69 


06 


From  Oct.  11  Clamp  West:  from  Oct.  12  Clamp  East. 
1—18.    Adopted  ^r+m  =  15-59S+  0141  (T-21h  15°). 
19^9.    Adopted  AT+m  =  16  046+  0142  (T-21h  40"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Date 


<0 


Object 


Notes 


1910 
Oct.  12 


13  Cephei .... 
I  Bradley  2897. 
16  Cephei... . 

B.J.  831  

B.J.  S33  

B.J.  835  

B.J.  S37  

1  H.Lacertae. 
Bradley  2942 . 
jB.A.C.  3495.. 
|30  H. Camel . . 
B.D.  70- 1240. 

28  Cephei .... 
iB.J.  848  

29  Cephei... . 

B.J.  851  

B.J.  852  

B.J.  855  

B.J.  S58  

B.J.  859  


|L.C.,nr 
iL.C.nr 


29  Vulp. 
B.J.  774. 


B.J.  777  

B.J.  778  

B.J.  7S0  

B.J.  784...... 

76  Draeonis. . .  Inr 
(220  H'.Drac.lnr 

B.J.  788  

Bradley  2748 

/'  Cygni  

B.J.  792  

B.J.  793  

f  Cygni  

Groom.  3409 

B.J.  795  

B.J.  798  

B.J.  799  !r 

If  Cygni  

H.A.C.  7504..  Jnr 
1  H. Draeonis. .  !L.C.,nr 

B.J.  807  

B.J.  S09  

72  Cygni.... 

B.J.  Sll  

'B.J.  S13  

B.J.  S17  

78  Draeonis . 
B.J.  821  


N 


N 


Time  of 
Observed 
Transit 


Coll. 


h.  m. 

21  51 
56 
57 

22  02 
04 
05 
07 
09 
10 
16 
20 
23 
25 
27 
28 
33 
34 
36 
39 
41 

20  34 
35 
38 
38 
42 
43 
48 
51 
53 
55 
56 

21  01 
02 
03 
05 
06 
09 
10 
13 
16 
24 
25 
27 
30 
33 
35 
40 
41 
43 


(Polar 
Dev.) 


■06S 

(•792) 


•041 

(•770) 


s. 


°02 

<  C 

•  & 

£  o 

w  a 


s. 


30  ... 
59  ... 
91  . . . 
26  51-35  16  09 
3016-37  16  07 
45  01-41  15-96 
83  ... 
78  ... 
30  . . . 
43  41-S8  16-45 
19  41-14  15-95 

52  ;  

68  

9937  07  16-OS 

43  

33 

34  15-49  16  15 
71  00-76  16  05 
70  06-7S  16-08 
96  14-01  16-05 


82  

27j29-13| 
09  23  01 
31  17-11 
75135-62 
62  55-54 
18  OS -13 
27  


17-86 
17-92 
17  SO 
17-87 
17-92 
17-95 


52  50-44 


17-92 


17-94 
17-85 


35 

S9  40-S3 
62  53-47 
43 
10 
14! 

95131-98 
56  13-46  17-90 

72  

9035-65  17-75 
78  22-97  18-19 

32  09-23   

46  1  

76|  I  

1722  14  17-97 

6811-61  

88  

00  

83  29-73   


C.+ 
°  L 


S. 

16  05 


16  06 


17-88 


17- 


17-90 


App.  R.A. 
from 
Obser- 
vation 


h.  m.  s 

21  51  53 
57  01 
57  59 

22  02  51 

05  16 

06  01 
08  06 

10  02 

11  17 


23  43 

26  04 

27  37 
29  08 
33  35 
35  15 

37  00 
40  06 
42  14 

20  34  31 
35  29 

38  22 

39  17 

42  35 

43  55 


51  41 
53  50 

55  48 

56  47 
21  01  40 

02  53 

03  31 
05  51 
07  19 
09  31 
11  13 
14  14 


26  09 

27  31 
31  07 
33  22 
36  11 

40  37 

41  59 
43  29 


Clamp  East.  1—20.    Adopted  AT+m  =  16-046+ -0142  (T-21b  40"). 

21—19.    Adopted  Ar+m  =  17-90S+  0147  (T — 22 b  10°). 
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3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


-  - 

- —  -„ 


d 


a  5 
«  *• 
5  4- 


3< 


App.  R.A. 
from 
Obser- 
vation 


h.  m.  s 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
■17 
4s 
19 


14  Pegasi  

B.J.  823  

79  Draconis . . . 
Bradley  2897.. 

16  Cephei  

B.J.  831  

B.J.  833  

B.J.  835  

B.J.  837   

1  H.Lacertae. . 
IB.A.C.  3495... 
30H.Camel... 
B.D.  70-1240.. 

|B.J.  847  

B.J.  848  

29  Cephei  

226  B.Cephei. . 

B.J.  851  

B.J.  852  

B.J.  855  

B.J.  857  

B.J.  858  

B.J.  859  

B.J.  862  

52  Pegasi  

B.J.  S69  

B.J.  870  

5  Andromedae 

B.J.  874  

B.J.  875  

Bradley  30S5. . 
Bradley  3086.. 
Groom.  4033. . 

B.J.  880  

B.J.  881  

B.J.  8S5  

39  H.  Cephei.. 
Bradley  3140.. 

B.J.  890  

Groom.  4119. . 
^  Andromedae 

B.J.  898  

B.J.  899  

^  Pegasi. . . . 


N 


L.C.,nr 
L.C.nr 


"  Cygni  

Bradley  2796. . 

B.J.  S04  

69  Cygni  I 

1  H. Draconis..  L.C.,nr 


21  45 
48 
51 
56 
57 

22  02 
04 
05 
07 
09 
16 
20 
23 
25 
27 
28 
30 
33 
34 
36 
38 
39 
41 
45 
54 
57 
59 

23  03 
04 
08 
11 
11 
13 
15 
20 
24 
27 
30 
32 
35 
41 
47 
49 
52 


21 


13  35 

16  20 

17  38 
21  49 
24  10 


8. 


25 
56 
96 
61 
05 
99 
79 
89 
30 
19 
47 
28 
04 
51 
06 
17 
lis 
48 
83 
66 
73 
[)1 
73 
46 
95 
19 
53 
42 
20 
10 
40 
92 
83 
96 
32 
52 
85 
29 

lis 

92 
94 
86 
49 
43 

31 
72 
71 
06 
20 


•041 
(•770) 


•048 
(■772) 


8-  S. 

74  

98  59-94  17-96 

65  1  

53|  j  

65'  

39  51-29  17-90 
33  16-30  17-97 
43  01-34  17-91 
78  1  


28  42-93 

09  11-92 
31  

82  51-70 
04  36-98 

07|  

15  

15  

51  15-43 

83  00-73 

22  49-13 

75  06-72 

10  13-97 
8641-78 
14  . . . 
94  48-9S 
98  26-93 

37  

19  

35  59-41 

16  

19  

79  

33  13-29 
68  55-61 
73  38-65 

23  57-27 

66  

9411-92 

88  

80  

16  57-04 

76  55-81 
83  


04  

05  

08  57-27 

71  

93  23-13 


17-65 
17-83 


17-92 
17-90 
17-91 
17-97 
17-87 
17-92 


1804 
17-95 


17-96 
17-93 
17-92 
1804 


17 -ss, 


18- 19 


8. 

17-90 


17-91 


21  45  53 
48  59 
51  45 
57  01 
57  59 

22  02  51 

05  16 

06  01 
08  06 
10  02 


17-92 


17-93 


18-20 


IS -23 


23  43 
25  51 
27  36 

29  07 

30  44 
33  35 
35  15 

37  00 

38  49 
40  06 
42  14 
45  41 
54  44 
57  48 
59  26 

23  03  42 
05  05 
08  59 

11  2S 

12  12 
14  11 
16  13 
20  55 

24  38 


21 


31  07 
33  11 
35  21 
41  36 
47  57 
49  55 
53  12 

13  54 

16  42 

17  57 
22  07 


Clamp  East.. 


1^4.  Adopted  Ar+m  =  17-90S+-0147  (T-22*  10°). 
45-49.    Adopted  \T+m  =  18-258+  -0149  (T-23b  05°). 


REPORT  OF  THE  CHIEF  ASTRONOMER 


421 


SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


t- 

- 
- 


Object 


Notes 


Time  of 
»  Observed 
S  Transit 

CO 

c 


Is 


at-, 


73  s 

1+ 


App.  R.A. 
from 
Obser- 
vation 


Oct.  18  1 


Groom.  3511 .  . 

P  Cygni  

B.J.  811  

B.J.  813  

B.J.  817  

78  Draconis... 

B.J.  821  

14  Pegasi  

B.J.  823  

Bradley  2S6S. . 

79  Draconis. .. 

B.J.  826  

16  Cephei  

B.J.  831  

B.J.  833  

28  Pegasi  

B.J.  837  

1  H.Lacertae. . 
Bradley  2942.. 
B.A.C.  3495...  L.C.nr 
30  H.Came!...  L.C.,nr 
B.D.  70- 1240.. 

38  Pegasi  

B.J.  848  

29  Cephei  

226  B.  Cephei 

B.J.  SSI  

Groom.  3857 . . 
B.J.  S55...... . 

B.J.  S57  

B.J.  858  

B.J.  859  r 

B.J.  S62  

52  Pegasi  r 

B.J.  S69  r 

B.J.  871  

5  Andromedae 

B.J.  874  

B.J.  875  

Bradley  3085.. 
Groom.  4033. .  r 

B.J.  880  

B.J.  881  r 

B.J.  885  

39  H.Cephei...  n 

iB.J.  890  1 

Groom.  4119. . 
V  Andromedae  r 
Groom.  4154. . 
Groom.  4163. . 


h.  m.  s 

s 

21  27  07 

77 

« 

30  18 

16 

ft 

33  03 

13 

a 

35  52 

03 

a 

40  17 

09 

« 

41  39 

07 

« 

43  10 

47 

a 

45  34 

83 

a 

48  41 

21 

« 

49  47 

17 

u 

51  24 

66 

a 

56  25 

93 

u 

57  38 

7s 

tc 

22  02  32 

61 

u 

04  57 

41 

u 

05  58 

37 

a 

07  45 

93 

IC 

09  43 

82 

a 

10  56 

1 1 

« 

16  33 

30 

a 

20  00 

IX) 

tt 

23  22 

69 

a 

25  37 

99 

tt  ' 

27  17 

71 

a 

2S  45 

90 

u 

30  22 

58 

u 

33  14 

24 

tt 

34  5S 

43 

it-*'1 

36  42 

26 

a 

38  30 

33 

u 

39  47 

61 

u 

41  55 

32 

a 

45  23 

07 

a 

54  25 

56 

u 

57  29 

94 

a 

23  00  00 

48 

u 

03  23 

06 

U 

04  43 

80 

a 

08  39 

82 

u 

11  07 

02 

a 

13  50 

31 

tt 

15  54 

60 

a 

20  37 

01 

a 

24  20 

IS 

tt 

27  25 

•33 

a 

32  52 

•77 

it 

35  00 

•64 

u 

41  17 

•65 

tt 

47  43 

•51 

u 

50  09 

•30 

30 
05 
88  22-12 
27  11-58 

38  

64  

40  29-71 

35  

66  59-92 

35  1 

30  

18  44-38 

34  

05  51-27 
99  16-28 
73 
35 
55 
68 


18-26 


IS -20 


18-22 
18-29 


01  43-10 

18-09 

73  12-05 

18-32 

91 

57  . 

66  36-96 
72 

69 

87 

36 

47  00-72 

18-25 

S6  49-11 

18-25 

39  06-70 

18-31 

68  13-96 

18-28 

5041-77 

18-27 

73 

67  48-96 

18-29 

75  19  01 

IS -26 

98 

73'  

04  59-39 

74 

40  ....  

01  13-2S 

18-27 

36  55-61 

IS  -25 

39  38-64 

is -25 

88  57-11 

17-23 

61  11-91 

00 

56 
4s 
05 


18-23 


18-24  18-24 


18-25 


lv2ti 


18-27 


Clamp  East.         1—50.    Adopted  A 7"+ w  =  IS -258+ -0149  (T-23h  05°). 
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3  GEORGE  V.,  A.  1913 

TABLE  UI. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Date 


c  Object 
So 


Notes  « 


Time  of 
Observed 
Transit 


Coll. 


(Polar 

Dev.) 


.  c 

20 


00 

i— 

it 

it 

x  a 
c 

M 

■Ss 
<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
Oct.  18 


h.  m.  s 


Oct. 


19  IT 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
,  38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


^  Pegasi  

Bradlev  3217. . 

B.J.  7  

B.J.  8  

a  Andromedae 
P  Andromedae 
Bradley  34... 

B.J.  17  

B.J.  21  

B.J.  24  

23  Cass  

y  Andromedae 
32JH.Camel. 

B.J.  33  

h  Piscium. . .  . 


B.J.  768  

C  Delphini .... 

B.J.  771  

29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784....... 

76  Draconis. . . 
220H'.Drac... 

B.J.  788  

Bradley  2748. . 

f1  Cygni  

B.J.  792  

B.J.  793  

P  Cygni  

Groom.  3409.  . 

B.J.  795  

B.J.  798  

v  Cygni  

Bradley  2796. . 

B.J.  804  

69  Cygni  

1  H. Draconis.. 

B.J.  807  

72  Cvgni  

B.J.  811  

B.J.  S13  

B.J.  817....... 

78  Draconis . . . 

B.J.  821  

14  Pegasi  


g 

23  S2  54-08 

■ 

0  04  03  its 

u 

08  20  05 

tt 

10  49-78 

r 

.. 

13  21 • 11 

a 

16  06-33 

u 

24  50-71 

tt 

31  40-74 

u 

35  07-27 

u 

39  24 -9S 

r 

.. 

41  28-08 

a 

44  34-61 

L.C.,nr 

u 

48  OS-92 

u 

51  29- 11 

it 

52  41-72 

nr 

u 

56  01- 'IS 

N 

20  28  37-67 

U 

30  48-86 

It 

33  02-59 

t. 

34  12-78 

u 

35  10-31 

tt 

38  03-51 

u 

38  5S-25 

a 

42  16-3S 

r 

u 

43  36-2S 

nr 

u 

48  43-28 

nr 

u 

51  17-69 

u 

53  3104 

u 

55  26-80 

u 

56  27-69 

a 

21  01  21-31 

« 

02  34-21 

u 

03  11-80 

U 

05  30-94 

06  56-59 

it 

09  11-S3 

tt 

13  55-35 

a 

16  20-23 

tt 

17  3S-36 

21  4S-69 

L.C.,nr 

24  09-60 

u 

25  49-74 

u 

30  48-32 

tt 

33  02-78 

>• 

35  51-66 

tt 

40  16-61 

r 

tt 

41  38-76 

tt 

43  10- 12 

u 

45  34-50 

■048 
(-772) 


•036 
(•751) 


18-33 


52  . 
12  . 

32  38-65 

(Hi 

71  1  

02  

01  t  

83  00-20   

47  26-84   

84  !  

08  

37  1  

74  19-83  18  09 
814S15  18-34 
22  |  

96  31-42  18-46 

54  56-44  18-60 
09  I 

81  21-34  1S-53 
11  !  

55  29  09  18-54 
32  22-96 
4S  17  us 
93  35-58 
SS  55-50 

97  07-82 

20  

74  50-40  1S-66 

84  . 


18-64 
18-60 
IS -65 
18-62 
18-85 


31-90 


18-71 
18-58 


56 

OS  40-79 
S5  53-43 
67  . 
23 
IS 
is 
92 
52 

66  57-25  1S-59 

29'  :  

55  23-27  18-72 

5S  09-18  

96  i  

46  22  10  1S-64 

S9  11-55   

88  1  

16  

04  29-69   

97  


ls.Js 


b.  m.  s 

23  53  12 

79 

0  04  26 

39 

08  38 

59 

11  11 

33 

13  39 

'.IS 

16  25 

30 

25  12 

29 

32  00 

11 

35  26 

75 

39  46 

12 

41  49 

36 

44  53 

65 

51  48 

00 

53  00 

50 

18-29 


1S-61 


IS -62 


20  28  56 

44 

31  07 

69 

33  21 

41 

34  31 

71 

35  29 

IS 

3S  22 

92 

39  17 

(IS 

42  35 

53 

43  55 

48 

51  40 

81 

53  50 

35 

55  48 

45 

56  47 

17 

21  01  40 

69 

02  53 

46 

03  31 

28 

05  51 

84 

07  18 

79 

09  31 

79 

14  14 

53 

16  42 

13 

17  57 

27 

22  07 

90 

26  09 

20 

31  07 

58 

33  22 

(is 

36  11 

51 

40  37 

50 

42  59 

78 

43  29 

66 

45  53 

59 

Clamp  East. 


1—16.  Adopted  ±T+m  =  18-258+  0149  (T-23"  05"). 
17—19.    Adopted  Ar+m  =  18-620+-0150  (T-21h  45°). 


REPORT  OF  THE  CHIEF  ASTRONOMER 


423 


SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTIOX  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


a  . 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


C3  o 


°  O 


_  =3 
°£ 

<  a 
si  o 


j{ 

.-3  ^ 


§•+ 
<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 
Oct.  19 


1  B.J.  823  

2  Bradley  2868. 

3  13Cephei.... 

4  Bradley  2S97. 

5  16  Cephei  

6  B.J.  S31  

7  B.J.  833  

8  B.J.  S35  !r 

9  B.J.  837  

10  1  H.Lacertae.. 

11  Bradley  2942.. 

12  B.A.C.'3495.. .  L.C.,nr 

13  30  H.Camel..  .  L.C.,nr 

14  B.D.  70- 1240.. 

15  B.J.  S47  

16  B.J.  S48  

17  29  Cephei  

18  226  B.Cephei. . 

19  B.J.  S51  

20  B.J.  852  

21  B.J.  S55  

22  B.J.  S57  

23  B.J.  S58  

24  B.J.  859  

25  B.J.  862  r 

26  52  Pegasi  r 

27  B.J.  869  p 

2S  B.J.  S70  

29  B.J.  S75  

30  39  H. Cephei...  nr 

31  69Cvgni  I 

32  1  H.Draconis..  L.C.,r 

33  Groom.  3511. .  I 

34  72  Cvgni  

35  B.J.  SU  

36  B.J.  813  

37  B.J.  S17  

38  7S  Draconis...lr 

39  14  Pegasi  " 

40  B.J.  823  

41  Bradley  2868.. 

42  79  Draconis... 

43  Bradley  2897.J 

44  16  Cephei  r 

45  B.J.  831  | 

46  B.J.  S33  

47  B.J.  S35  

4S  B.J.  837  

49  1  H.Lacertae. . 


N 


h.  m.  s. 


21  4S 
49 
51 
56 
57 

22  02 
04 
05 
07 
09 
10 
16 
19 
23 
25 
27 
28 
30 
33 
34 
36 
3S 
39 
41 
45 
54 
57 
59 

"  23  OS 
«  27 


40-  85 

46-  82 
33-39 
39-66 
38 '37 
32  19 
57-10 

42-  17 
45-44 

43-  45 
5.5-70 
32-43 
59-56 
22-19 
31-67 
17-28 
45-35 
22-31 
13-56 
56  03 

41-  92 
29-99 

47-  28 
54-97 
22-78 
25-23 
29-54 
07-87 
39-44 
24-66 


a. 


•036 
(■751) 


S 

21  21  4S-16 

•055 

48- 

24  09-72 

(•772) 

04 

a 

27  06-S3 

11- 

a 

30  47-81 

48- 

u 

33  02-29 

03- 

35  51  19 

52- 

u 

40  16-24 

18- 

a 

41  38-13 

40- 

u 

45  34-00 

34- 

u 

48  40-32 

40- 

49  46-32 

47 

u 

51  23-73 

26- 

56  39-29 

42- 

u 

57  37 -6S 

40- 

a 

22  02  31-75 

32- 

04  56-57 

57- 

a 

05  41-69 

42- 

u 

07  44-92 

47 

u 

09  42-94 

43 

8. 

25  59-91 


a. 
18-66 


18-68 
18-64 
18-61 


18-78 
18-62 


18-72 
18-62 
18-64 
18-69 
18-62 
1S-60 


58  

49  

89 

58  51-26 
63  16-27 
70  01-31 

84  

12  

24  

50  43-28 
56  12-18 
39 

94  51-65 
23  36-94 

14  . 

39  . 

15  . 

68  15-40 
09  00-71 
46  49- 10 
99  06-68 
33  13-95' 

16  41-76j 

41  

27  48-95  18-68 
30  26-911  18-61 
65  59-37 
61  56-96  18-35 

82  . . 

40  23-41 
40l.. 
53'.. 
05  22  OS  19  03 

44  11-52|  

56  .. 
73  .. 
53  . 
78  59-89 

51  . 
39  . . 

18  .  . 

41  .. 

19  51-24 
16  16-25 
22  01-29 
37  .. 
6S  .. 


19-01 


19-11 


19  05 
1909 
19  07 


18-62 


1S-63 


1S-64 


IS -65 


19  03 


1904 


h.  m.  s 

21  48  59 

50  06 

51  53 
57  01 
57  59 

22  02  51 

05  16 

06  01 
08  06 

10  02 

11  16 


23  43 
25  51 
27  36 

29  07 

30  44 
33  34 
35  15 

37  00 

38  49 
40  06 
42  13 
45  41 
54  44 
57  48 
59  26 

23  OS  59 


21  22  07 


27 
31 
33 
36 
40 
41 
45 
48 
50 
51 
57 
57 
22  02 
05 
06 
08 
10 


Clamp  East. 


1—30.  Adopted  Ar+m  =  18-620+-0150  (T-2111  45"). 
31—19.    Adopted  Ar+w  =  19-055+-0151  (T-23b  10ra). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Date 


c  . 

E  = 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


5~ 


C  u 

.  a 
HO 


<  c 
q 


5  8 

5-1 


"8  5 


App.  R.A. 
from 
Obser- 
vation 


1910 
Oct.  20 


Oct.  21 


1  Bradley  29-12.. 

2  B.A.C.  3495...  L.C.rn 

3  30  H.Camel...  L.C. 

4  '52  Pegasi  

5  B.J.  869  

6  B.J.  871  

7  5  Andromedae 

8  B.J.  874  

9  B.J.  875  

10  BradIev30S5.. 

11  Groom"  4033 . . 

12  B.J.  880  

13  jB.J.  881  

14  B.J.  885  

15  '39  H.  Cephei.. 

16  Bradley  3140.. 

17  B.J.  890  

18  !Groom.  4119. . 

19  U  Andromedae 

20  Groom.  4154. . 

21  Groom.  4163. . 

22  $  Pegasi  

23  Bradley  3217.. 

24  B.J.  4  

25  B.J.  7  

26  B.J.  8  

27  <r  Andromedae 

28  lp  Andromedae 

29  iBradley  34.... 

30  B.J.  17  

31  B.J.  20  

32  IB.J.  21  

33  iB.J.  24  

34  B.D.  71-37.... 

35  v  Cassiopeiae.. 

36  v  Andromedae 

37  B.J.  33  

38  h  Piscium  

39  43  H.  Cephei.. 

40  13  Cephei  

41  Bradley  2897.. 

42  16  Cephei  

43  B.J.  831  

44  B.J.  833  

45  2S  Pegasi  

46  B.J.  837  

47  1  H.Lacertae. . 

48  Bradley  2942.. 

49  B.A.C.  3495...  L.C.,nr 


h.  in . 

g 

s 

22  10 

55 

22 

16 

32 

69 

19 

59 

50 

u 

54 

24 

75 

57 

29 

65 

u 

59 

59 

69 

u 

23  03 

22 

28 

u 

04 

42 

99 

08 

39 

03 

11 

06 

22 

13 

49 

39 

u 

15 

53 

81 

20 

36 

15 

it 

24 

19 

31 

27 

23 

S5 

30 

46 

24 

32 

51 

86 

11 

34 

59 

85 

tt 

41 

16 

90 

tt 

47 

42 

71 

" 

50 

lis 

38 

52 

53 

32 

0  04 

03 

04 

05 

21 

18 

u 

08 

19 

30 

11 

10 

48 

97 

u 

13 

20 

3(1 

tt 

16 

05 

70 

a 

24 

49 

99 

u 

31 

39 

99 

tt 

34 

13 

88 

tt 

35 

06 

41 

u 

39 

24 

32 

it 

41 

58 

34 

" 

43 

22 

22 

a 

44 

33 

83 

u 

51 

28 

38 

It 

52 

tu 

95 

a 

56 

00 

70 

s 

21  51 

32 

52 

tt 

56 

38 

58 

ii 

57 

37 

36 

u 

22  02 

31 

35 

" 

04 

56 

24 

u 

05 

57 

17 

tt 

07 

44 

',s 

It 

09 

42 

57 

a 

10 

54 

70 

u 

16 

32 

73 

s. 


•055 
(•772) 


■062 
(•793) 


81 

33  43  46 
18  12-32 


19- 13 
1914 

971  1  1  19  05 

85,48-94  19  09 
97  18-99  19-02 

21  

95 

26  59-35 


s.  h.  m.  s 
1904  22  11  16 


19  03 
1903 
19  OS 

18-28 


19- or, 


19  07 


50  

23  13-26 
56  55-59 
55  38-63 
52  56-80 

59  1 

77  11-89 

79  

74  ' 

70  ' 

15  

76  

22' 

02  41-08  '.  '.  '.'.'.'.'.\ 
58  38-64  19  00 

28"'—  - 

96  '  

34  1  

32   

09  00  09    19-08 

43  33-51  19  08 

62  26-83   

2ll  i  I 

83  1  1 

57  |  | 

60  

09  48-16  19  07 

46  1  

77  31-44  19-67 


77  !  19-40 

75  1  

02  '   

S051-23  19-43  19-41 
SO  16-24  19-44 

55  

12  

34  

39 

06  43-65  '  19-59 


54  44 
57  48 
23  00  19 
03  42 
05  05 
OS  59 
11  28 
14  11 
16  13 
20  55 
24  38 


31 
33 
35 
41 
48 
50 
53 
0  04 
05 
08 
11 
13 
16 
25 
32 
34 
35 
39 
42 
43 
44 
51 
53 


21  51  53 
57  01 
57  59 

22  02  51 

05  16 

06  16 
OS  06 

10  02 

11  16 


Clamp  East. 


1—39.  Adopted  A7"+»i  =  19-055+-0151  (T-23h  10"). 
40—49.    Adopted  AT+m  =  19-426+ -0152  (T-23b  25"). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Object 


Notes 


i  ® 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


C-3 
t-i  -»J 

H  g 

°  s 

o 
IB 


^  -4- 


App.  R.A. 
from 
Obser- 
vation 


1910 
Oct.  21 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


30  H. Camel...  L.C.,nr  S 
B.D.  70-1240.. | 
'38  Pegasi . . . 

;B.J.  848  

■226B.Cephei.. 
Groom.  3857. 

B.J.  S55  |r 

B.J.  858  r 

B.J.  859  r 

B.J.  862  

;52  Pegasi  

B.J.  869  

B.J.  870  

5  Andromedae 

B.J.  874  r 

B.J.  875  

Bradley  3085.. 
Groom.  4033. . 

B.J.  SS0  |r 

B.J.  881  

B.J.  S85  

1  H.  Cass... 
ISAndromedae 

B.J.  S90  

k  Andromedae 
\t-  Andromedae  r 
Groom.  4154. 
Groom.  4163. 

f  Pegasi  

Bradley  3217.. 

B.J.  4  

B.J.  7  

B.J.  S  

<r  Andromeda 
P  Andromedae 
Bradley  34.... 

B.J.  17  

B.J.  19  

B.J.  21  

B.J.  25  

23  Cass  

v  Cass  

"  Andromedae 
32-  H.  Camel .  L.C.nr 

B.J.  33  

h  Piscium. .  .  . 
43  H.  Cephei. 


48  B.J.  768... 

49  JfDelphini. 


X 


h.  m. 

22  19 

23 
25 
27 
30 
34 
36 
•  39 
41 
45 
54 
57 
59 

23  03 
04 
08 
11 
13 
15 
20 
24 
25 
29 
32 
35 
41 
47 
50 
52 

0  04 
05 
08 
10 
13 
16 
24 
31 
33 
35 
39 
41 
43 
44 
48 
51 
52 
56 


20  28  34-66 
30  45-87 


h.  m.  s. 


63 

35 
81 
40 
22 
06 
08 
45 
14 
87 
32 
65 
97 
82 
30 
50 
60 
99 
45 
74 
94 
05 
41 
52 
51 
39 
07 
87 
94 
4'.i 
74 
92 
45 
99 
18 
48! 
50 
57 1 
07 
89. 
91 1 
S3 
44 
831 
98| 
55| 
26 


•062 
(-793) 


•022 
(•818) 


08  12-47 

67  

42  

41  36-90 


19-39 


13  1 

25  00-69! 
21106-65 
52  13  92| 
32  41-74 

56  

48  48-92  19-44 
48  26-891  19-41 

79  

54  .. 


19-44 
19-44 
19-40 
19-42 


78i59-33 

44  

04  

8313-26 
16S55-59 
19  3S-62 
40 
19 
411 
111 
34 
17 
74 
39 
82 
61 


11-88 


41-07 


19-43 
19-43 
19-43 


21  38-64  19-43 


621  

90  

93 

64  00-1S 
1150-56 
4126-82 
83  45-33 


19-45 


15 
24 
32  19-98 
7148-16 


72  31-43 


34-84 
46-10 


56-33 


19-66 
19-45 


19-71 
21-49 


19-41 


19-42 


19-43 


19-44 


19-45 


21-47 


22  23 

43 

•08 

25 

56 

•83 

27 

36 

s2 

30 

43 

89 

35 

19 

54 

37 

mi 

till 

40 

m; 

62 

42 

13 

94 

45 

41 

74 

54 

43 

98 

57 

)S 

90 

59 

26 

'.in 

23  03 

42 

21 

05 

ill 

96 

08 

59 

20 

11 

'.'7 

86 

14 

11 

46 

16 

13 

25 

20 

55 

58 

24 

:;s 

62 

25 

54 

83 

30 

15 

62 

33 

11 

83 

36 

00 

83 

41 

36 

77 

48 

(14 

60 

50 

30 

17 

53 

12 

82 

0  04 

-V. 

26 

05 

41 

05 

08 

38 

65 

11 

11 

32 

13 

in 

06 

16 

25 

34 

25 

12 

37 

32 

on 

IIS 

33 

50 

55 

35 

26 

85 

39 

45 

27 

41 

49 

31 

43 

42 

60 

44 

53 

69 

51  48 

16 

53  00 

53 

20  28  56 

31 

31  07 

57 

Clamp  East.  1-^7.    Adopted  A7M-;n  =  19-426+-0152  (T-23h  25"). 

48^9.    Adopted  Ar+m=21-488+-0158  (T-21h  35m). 
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J  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


c  . 


Object 


Notes 


> 

00 

o 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


w  U 

c  g 


_  03 
=  £ 
<  C 

B  o 
c 


S+ 


—  = 

c  • 
<  < 


App.  R.A. 
from 
Obser- 
vation 


1910 

Oct.  26!  1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


Nov.  2 


29  Vulp  

B.J.  774  

B.J.  777  

B.J.  778  

B.J.  780  

B.J.  784  

76  Draconis . 
220  H1.  Drac 

B.J.  788  

Bradlev  2748 

/'  Cygn'i  

v  Cvgni  

B.J.  804  

69  Cygni  

1  H. Draconis..  L.C 

B-J.  807  

B.J.  809  

P  Cygni  

(B.J.  811  

B.J.  813  

B.J.  S16  

B.J.  821  

14  Pegasi  

B.J.  831  

B.J.  833  

B.J.  835  

B.J.  836  

1  H.Lacertae. . 
B.A.C.  3495.. .  L.C.,nr 

30  H. Camel...  L.C.nr 

B.J.  847  

B.J.  848  

lB.J.852  

B.J.  855  r 


h.  m.  s 


N 


21 


35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


B.J.  836  

1  H.Lacertae. . 
Bradley  2942. . 
B.A.C.  3495.. . 
30  H. Camel... 
B.D.  70-1240.. 

B.J.  847  

B.J.  S48  

29  Cephei  

226  B. Cephei. . 

B.J.  851  

B.J.  852  

B.J.  855  

B.J.  S57  

B.J.  S58  


L.C. 
L.C. 


N 


20  34 
35 
38 
38 
42 
43 
4S 
51 
53 
55 
56 
13 
17 
21 
24 
25 
27 
30 
32 
35 
40 
43 
45 
22  02 
04 
05 
07 
09 
16 
19 
25 
27 
34 
36 

22  07 
09 
10 
16 
19 
23 
25 
27 
28 
30 
33 
34 
36 
38 
39 


8. 


8. 


•022 
(•818) 


•018 
(■769) 


13  

55  28-98 
32  22-78 
53  16-97 
95  35-44 
81  55-36 
0106-54 
50 

64  50-24 

54  

51  


21-47 


21-43 
21-46 
21-44 
21-49 
21-55 
21-53 


62  57-14 

27  

84  24-4S 
52  09  01 

23  

57  

46  21-96 
72  11-32 
40  35-91 
00  29-52 

92  

6S  51 • 16 
61  16  16 
71  01-20 
93  45-42 

15  

30  44-86 
04  13-39 
96  51-46 
28  36-80 
81  15-29 
17  00-64 


21-60 


21-52 


21-48 


21-64  21-49 


21-50 
21-51 


21-48  21-50 

21-55 

21-49 


21-56 
21-35 


21-48. 
21-47 


24-91 
24-57 


90  45-20 
IS 

84.. 
52  46-43 
00  14-57 
15  .. 
94  51-25 
26  36-64 
63 
77  . 
93 

83  15-17  24-34 
22  00-56  24-34 
604S-92  24-32 
02  06-46  24-44 


24-38 


24-39 


h. 

m.  s 

20  34  31 

35  29 

Lad 

38  22 

T(k 

i  9 

39  17 

rtA 

W 

42  35 

43  55 

28 

51  39 

98 

53  50 

12 

55  48 

02 

56  46 

99 

21 

14  14 

36 

17  57 

10 

22  07 

75 

26  09 

01 

27  30 

72 

30  37 

06 

33  21 

95 

36  11 

21 

40  35 

89 

43  29 

4i> 

45  53 

41 

22  02  51 

is 

05  16 

11 

06  01 

21 

07  45 

43 

10  02 

65 

25  51 

46 

27  36 

78 

35  15 

31 

37  00 

67 

22  07  45 

28 

10  02 

5ft 

11  16 

22 

23  42 

53 

25  51 

32 

27  36 

66 

29  07 

ir_' 

30  43 

16 

33  34 

32 

35  15 

22 

37  00 

61 

38  48 

99 

40  06 

41 

Clamp  East. 


1—34.  Adopted  ST+m  =21-4884- -0158  (T-21b  35»). 
35—49.    Adopted  Ar+m=24-408+  0165  (T-23b  50°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Date 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


S-3 

U,  +3 

-5 

«  8 

~  GJ 

<j  C 

s  + 

t*-  t- 

°  s 

CO 

§.+ 

3« 


App.  R.A. 
from 
Obser- 
vation 


1910 

Nov.  : 


Nov.  4 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2s 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

46 
47 
48 
49 


B.J.  859  

B.J.  S62  

B.J.  869  

B.J.  S70  

B.J.  871  

5  Andromedae 

B.J.  874  

B.J.  S75  

Bradley  3085 . . 
Groom.  4033 .  . 

B.J.  SS0  

B.J.  SSI  

B.J.  885  

39  H.Cephei... 
Bradlev3140. 

B.J.  890  

k  Andromedae 
4  Andromedae 
Groom.  4154 . . 
Groom.  4163.  . 
i£  Pegasi  


r 
r 
nr 


B.J. 
B.J. 
B.J. 
B.J. 
B.J. 
Bradley  1672. . 
Bradley  34. . . . 

B.J.  18  

B.J.  19  

B.J.  20  

B.J.  21  

B.J.  24  

|23  Cass  

i  Cass  

v  Andromedae 
32!  H.  Camel. 

B.J.  33  

•h  Piseium  

j43  H.Cephei... 
72  Piseium .... 

u  Cass  

iB.J.  42  

B.J.  43  

Bradley  151... 

5  Andromedae 

B.J.  874  

B.J.  875  

Bradley  3086. . 


L.C. 


L.C.nr 


N 


N 


h.  m. 

22  41 
45 
57 
59 
59 

23  03 
04 
08 
11 
13 
15 
20 
24 
27 
30 
32 
35 
41 
47 
50 
52 

0  03 
03 
05 
08 
10 
14 
24 
31 
33 
34 
35 
39 
41 
43 
44 
48 
51 
52 
55 
59 

1  01 
04 
06 
09 


23  03  15 
04  36 
08  32 
11  44 


■018 

(•769) 


•049 
(•686) 


44  13-7S 
1S41-60 
34148-75 
39  26-75 
5218-87 
64 
75 
t',2 
78 
39 
72  13-15 


s. 

24-34 
24-42 
24-41 
24-36 
24-35 


Oil -ON 


55-49 
38-54 
53-51 


24-43 
24-46 
24-40 
24-18 


11-73 


46-55 
25  07 
47140-98 
15  38-60 

39  

33  06-79 
42  .... . 
54  07  00 
07i50-54 
0633-49 
30  26-75 

58!  

66  

11!  

28 

56  20-78 
67  48-16 

11|  

53  30-60 

56  

69  

86  44-32 
46  44-94 
12  


24-41 


24-45 


24-46 


24-46 
24-47 
24-43 


81  

79  

77  59-04 
10  


24-22 
24-49 


25  07 


24-46 
2  4  -4S 


24-39 


24-40 


h.  m. 

22  42 
45 
57 
59 

23  00 
03 
05 
08 
11 
14 
16 
20 
24 


24-41 


31  07 
33  11 
36  00 
41  36 
4S  04 
50  29 
53  12 
0  03  46 

04  24 

05  40 
08  38 
11  10 


24-42 


25  11 

32  06 

33  50 

34  33 

35  26 
39  46 
41  49 

43  42 

44  53 


24-43 


51  48 
53  00 


25  12 


1  00  22 
02  20 

04  44 
06  44 
09  47 

23  03  41 

05  03 
08  58 
12  11 


I 


Clamp  East. 


1-45.  Adopted  A7"+>n=24-40S+-0165  (T-23h  50"). 
46-^9.    Adopted  AT+m=25- 129+  -C168  (T-23h  40°). 
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DEPARTMENT  OF  THE  INTERIOR 


3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


a  . 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll.  33 

09 
Z.  ' 
c3 

  H 


(Polar 
Dev.) 


°  6 

9.0 


GO 

=  s 

<  a 

5  + 

55 
|+ 


App.  R.A. 
from 
Obser- 
vation 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
21) 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
14 
45 
4C 
47 
48 
4'.) 


o  Cephei .... 

B.J.  880  

B.J.  881  

B.J.  885  

39  H. Cephei 
Bradley  3140.. 

B.J.  S90  

B.J.  891  

B.J.  893  

>A  Andromedae 

B.J.  895  

B.J.  898  

B.J.  899  

4i  Pegasi  

B.J.  1  

B.J.  7  

a  Andromedae 
P  Andromedae 

B.J.  851  

B.J.  853  

B.J.  855  

B.J.  857  

B.J.  858  

B.J.  859  

B.J.  863  

52  Pegasi  

B.J.  869  

B.J.  871  

B.J.  874  

B.J.  875  

Bradley  3085.. 

o  Cephei  

B.J.  880  

B.J.  881  

B.J.  885  

39  H.  Cephei.. 

B.J.  890  

Groom.  4119. . 

B.J.  895  

B.J.  898  

B.J.  899  

<P  Pegasi  

Bradley  3217.. 

B.J.  7  

B.J.  8  

a  Andromedae 
P  Andromedae 
Bradley  34. . . . 
B.J.  16  


nr 
r 


h.  m. 

N  23  14 
15 
20 
24 
27 
30 
32 
33 
35 
41 
43 
47 
49 
52 
0  03 
08 
13 
15 


22  33 
35 
36 
38 
39 
41 
46 
54 
57 
59 

23  04 
08 
10 
14 
15 
20 
24 
27 
32 
34 
43 
47 
49 
52 

0  03 
08 
10 
13 
15 
24 
27 


8. 


•049 

(•6S6) 


•055 
(•765) 


32 
48 
30 
13 
27 
41 
46 
20 
16 
11 
13 
;n 

30 
47 
21 
13 
14 
00 

06 
01 
33 
21 
39 
46 
03 
10 
21 
51 
36 
31 
00 
30 
46 
28 
11 
25 
44 
53 
11 
20 
2S 
45 
58 
11 
43 
12 
58 
44 
2S 


s. 


44  ... 
00  13- 13  25- 13 

34;55-47;  25- 13 
38  38-52  25  - 14 
78  53  03  25-25 


26-90 
26-90 
26-91 
26-90 


07 
91 

59  00-49 
oi  18-84 
44  06-35 
81  13-71 

08  

91  !  

68  48-65  26-97 

94  18-81  26-87 

98  |  

9558-94  

05  j  

58  

10  13-09  26-90 
53  55-43 
oi  ;-;v4o 
40  51-781 

71  11-65  

93  

77l  

95  56-91  26-93 

51  55-48   

81  !  

36  

63  38-57  26-94 

69)  i  

95  

35i  

82!  

84  1  


26-90 
26-88 
26-38 


s.     h.  m. 


48  11-71   

2745-50  25-23 

45  

46  

60  

86  56-94  25-0S 

29  55-55   

62  

40  40-54  25- 14 
51 138-59  25  08 

78  1  

10  


25- 


s 

12  23  14  57 
16  13 
20  55 
24  38 


25  13  . 


25-14 


31  06 
33  11 
33  45 
35  41 
41  36 
43  38 
47  56 
49  55 
53  12 
0  03  46 
08  38 
13  39 
16  25 


26-88 


20. SO 


26-90 


22  33 
35 
37 
38 
40 
42 
46 
54 
57 

23  00 
05 
08 
11 
14 
16 
20 
24 


26-91 


33  11 
35  20 
43  38 
47  56 
49  55 
53  12 
0  04  25 
OS  38 
11  10 
13  39 
16  25 
25  11 
27  55 


61 

83 
67 
88 
41 
71 
26 
54 
60 
86 
26 
73 
75 


Clamp  East 


1—18.  Adopted  Ar+m  =  25- 129+  0168  (T-23h  40"). 
19-^9.    Adopted  Ar+m  =  26-909+-0172  (T-0h  20°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


Object 


Notes 


t  a 
X 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


H  S 


.  5  ■« 

r  — 


<=  S 
°  7 
^  4- 


■2s 
£+ 


App.  R.A. 
from 
Obser- 
vation 


1910 
Nov.  8 


Nov.  9 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


17. 
19. 
21. 
24. 


B.J. 
B.J. 
B.J. 
B.J. 

23  Cass  

i  Cass  

B.J.  29  

32=  H. Camel. . 

B.J.  32  

h  Piscium  

43  H.Cephei... 
72  Piscium .... 

H  Cass  

B.J.  41  

x  Piscium  

Bradley  137 .. . 
Bradley  155 . . . 
Bradley  166... I 

1  Andromedae 
B.J.  46...  

a  Urs.  Min  |nr 

v  Andromedae 
t  Andromedae 
B.J.  57  

2  Persei  

7  Arietis  

B.J.  66  

X  Arietis  |r 

48  Cass  

B.J.  70  

Groom.  424. . .  rn 

B.J.  74  

Bradley  282. . . 


14  Pegasi .... 

B.J.  823  

Bradlev2868..  r 

13  Cephei  

Bradley  2897. . 

16  Cephei  

B.J.  S33  

B.J.  835  

B.J.  837  

1  H.Lacertae. . 
B.A.C.  3495. . . 
30  H. Camel... 
B.D.  70-1240.. 

B.J.  847  

B.J.  848  

226  B. Cephei.. 


h.  m.  s 


L.C.,nr 


0  31 

33 
35 
39 
41 
43 
44 
48 
50 
52 
55 
59 

1  01 
04 
06 
08 
12 
15 
16 
19 
26 
31 
34 
37 
46 
48 
49 
52 
54 
55 
57 

2  01 
04 


N 


L.C.rn 
L.C.,rn 


21  45  25 
48  31 

50  37 

51  24 

56  29 

57  28 

22  04  48 
05  33 
07  35 
09  34 
16  29 
19  55 
23  12 
25  22 
27  08 
30  11 


•055 
(-765) 


•041 

(•822) 


33 
123 
59 
18 
22 
15 
51 
.54 
52 
33 
02 
56 
53 
07 
12 
in 
27 
28 
38 
11 
23 
IV, 
52 
37 
02 
11 
16 
30 
n 
22 
58 
42 
41 

26 

32 

25 
32 
31 
48 
33 
38 
35 
20 
49 
14 
23 
09 
15 


26-95 


27  06 


12  00  05 
58  50-53 
77  26-69 
79 
li:, 
57 
93 

2821-34 
64 
62 

68  30  00  27-32 
OS 
31 
31 
74 
63 
10 
55 
40 
17 
41 
80 
01 

32  04-30 
i).-, 
42 

04  42-96 
74 
OS 
43 

38 

01  08-92 
46 


51  05 


27-64 


26-92 


26-91 


13  

40  59-58 
92 
38 
59 
10 
73  15-92 
7000-96 
09! 
22 
79 
01 
77 
82 
2  s 
26 


27-18 


8. 

26-91 


26-92 


h.  m.  s. 

0  32  00  03 
33  50-49 
36  26-68 
39  45-70 
41  48-97 
43  42-49 
45  18-85 

"51.  19-56 
53  00-54 


26-93 


00  2300 
02  20-23 

04  34-23 
06  39-66 

05  37-55 
12  54-02 
15  55-47 
17  05-33 
19  38-10 


26-94 


31  33-73 
35  18-94 
38  04-25 
46  28-98 

48  38-35 

49  42-97 
52  57-68 

54  38-02 

55  49-37 
58  25-32 
02  08-95 
05  0S-40 


48-19 
15-92 


5104 
36-47 


27-19 
27-26 


27-15  21  45  53-2S 
48  59-55. 
51  06  07 
51  52-53: 
56  59-74 

  57  58-25 

27-16  22  05  15-89 
06  00-86 
08  05-25 
10  02-38. 


27-40 
26-91 


23  41-93. 
25-50-98, 
27  36-44 
30  42-42: 


Clamp  East. 


1—33.  Adopted  AT+m  =26-909+  -0172  (T-0h  20°). 
34—19.    Adopted  Ar+m=27- 177+ -0173  (T-23b  20°). 
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TABLE  III. 


J  GEORGE  V.,  A.  191.1 


REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


c  . 
2  ° 

PS 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


~  - 

.--  — 
— 

'   t_ 

0  c 

o 
X 


00 

E 

"  31 

-  X 

<  = 


■  . 

3f< 


1  B.J.  851... 

2  B.J.  852... 

3  B.J.  855... 

4  B.J.  857... 

5  B.J.  858  r 

6  B.J.  859  r 

7  B.J.  862... 

8  52  Pegasi . 

9  B.J.  869... 

10  B.J.  870... 

11  B.J.  871  

12  5  Andromedae 

13  B.J.  874  r 

14  B.J.  875  

15  Bradley  3085.. 

16  Bradlev3086.. 

17  Groom.  4033.  . 

18  B.J.  880  r 

19  B.J.  881  

20  B.J.  885  

21  39  H.Cephei...  rn 

22  15  Androm  

23  B.J.  890  

24  B.J.  891  

25  \k  Andromedae 

26  pfr  Andromedae 

27  B.J.  895  

28  Groom.  4154 

29  |Groom.  4163 

30  '.A  Pegasi.... 

31  B.J.  1  

32  B.J.  2  

33  B.J.  4  

34  B.J.  7  

35  B.J.  8  

36  o-  Andromedae 

37  \p  Andromedae 

38  Bradley 34.... 

39  'B.J.  16  

40  B.J.  17  

41  B.J.  19  

42  B.J.  20  

43  B.J.  21  

44  B.J.  24  

45  23  Cass  

46  B.J.  27  

47  v  Cass  

48  v  Andromedae 

49  322  H. Camel. .  L.C.rn 

50  B.J.  33  


h.  m. 

s 

N 

22  33 

03 

85 

a 

34 

47 

is 

u 

36 

33 

12 

a 

38 

21 

17 

h 

39 

38 

32 

a 

41 

46 

is 

a 

45 

13 

93 

u 

54 

16 

46 

u 

57 

20 

.">.") 

u 

58 

:,s 

!)'.> 

u 

59 

51 

43 

u 

23  03 

13 

(is 

U 

04 

44 

a 

08 

30 

29 

a 

10 

.",(1 

80 

a 

11 

41 

t'il 

a 

13 

40 

16 

a 

15 

45 

."1 

u 

20 

27 

82 

u 

24 

11 

IW 

u 

27 

09 

I'll 

a 

29 

47 

47 

a 

32 

43 

."1 

u 

33 

17 

47 

u 

35 

32 

52 

a 

41 

I  IS 

54 

a 

43 

09 

37 

a 

47 

33 

43 

u 

49 

59 

36 

a 

52 

45 

10 

a 

0  03 

18 

76 

a 

03 

56 

34 

a 

05 

12 

81 

u 

08 

11 

12 

u 

10 

39 

94 

u 

13 

12 

14 

u 

15 

57 

38 

u 

24 

-Hi 

91 

u 

27 

26 

92 

u 

31 

31 

60 

u 

33 

22 

S2 

u 

34 

05 

73 

u 

34 

58 

22 

u 

39 

15 

46 

u 

41 

is 

77 

a 

42 

09 

14 

a 

43 

13 

95 

u 

44 

25 

70 

* 

48 

02 

11 

a 

51 

20 

22 

s. 


•041 

(•822) 


27 


15 
18 
13 
23 
12 
16 


27-21 
27-17 
211-49 


69  . 

9015  05 

30  00-48 
69  48-82 
1006-33 
57  13-69 
35  41-51 

66  1  

35  48-63  27-28 
47  26-67  27-20 
6S  18-79  27-11 

69  

62  

62  58-92   

74;  I  

03  

31  

90  13  07  27  17 
21  55-421 

31  38-48 
93  51-42 

21;  I  

43  11-63   

29  45-43  27- 14 
37. 
46  . 
43 
65  . 
34  . 

53  1  

26  46-50  27-24 

77  24-94   

72  40-91   

37  38-56  27  19 

50  1  

80  

07  i  

49,  I  

59  

78  00-04   

32  50-51 
26  33-46 

52  26-68   

56  

83  

55  36-67  27-12 

31  

47  !  

53  21-46  26-93 
92  4S-13  27-21 


27-19 
27-20 


s. 
27- 16 


27- 17 


V 


27-18 


27-19 


27-20 


22  33 

33 

85 

35 

15 

06 

37 

00 

in 

38 

48 

s.", 

40 

06 

27 

42 

13 

74 

45 

11 

52 

54 

43 

S3 

57 

-is 

52 

59 

26 

64 

23  00 

18 

So 

03 

41 

86 

05 

03 

79 

08 

58 

79 

11 

26 

91 

12 

11 

20 

14 

10 

49 

16 

13 

OS 

20 

55 

39 

24 

38 

49 

30 

15 

39 

33 

11 

61 

33 

45 

47 

36 

00 

55 

41 

36 

64 

43 

38 

61 

48 

03 

83 

50 

29 

53 

53 

12 

72 

0  03 

46 

45 

04 

24 

96 

05 

in 

91 

08 

38 

56 

11 

10 

69 

13 

39 

99 

16 

25 

26 

25 

1 1 

69 

27 

55 

79 

31 

59 

9S 

33 

50 

52 

34 

33 

46 

35 

26 

72 

39 

45 

76 

41 

49 

09 

42 

36 

7."i 

43 

42 

51 

44 

53 

67 

51  48 

12 

Clamp  East.         1—50.    Adopted  AT+m  =27- 177+-0173  (T-23b  20"). 


REPORT  OF  THE  CHIEF  ASTRONOMER 


431 


SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE — Continued 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


Si 

O 


(Polar 
Dev.) 


03 

H  8 

•—  - 

°  S 
so 


"02 
<i  C 

c 


£-5- 


App.  R.A. 
from 
Obser- 
vation 


1  h  Piscium. .  . 

2  43H.Cephei...  rn 

38  Pegasi  

B.J.  848  

29  Cephei . . . 
226  B. Cephei.. 

B.J.  851  

Groom.  3857. 

B.J.  855  

B.J.  S57  

B.J.  858  c. 

B.J.  S59  

B.J.863  

52  Pegasi  

B.J.  869  r 

B.J.  871  ! 

5  Andromedae 

B.J.  874  r 

B.J.  875  

Bradley  3085.. ; 
Groom.  4033. .  I 

B.J.  880  r 

B.J.  882  

B.J.  885  

39  H. Cephei...  rn 

B.J.  890  r 

K  Andromedae 
<P  Andromedae 

B.J.  895  

Groom.  4154. . 
Groom.  4163. . 

<P  Pegasi  

Bradley  3217 . . 

B.J.  7  1 

a  Andromedae  r 
P  Andromedae 

B.A.C.  3495. . .  L.C.nr 

30  H. Camel...  L.C.,nr 
Groom.  4033 .  . 

B.J.  8S0  

B.J.  882  

B.J.  885  

1  H.Cass  

ISAndromedae 

B.J.  890  J 

\p  Andromedae  r 

B.J.  895  1 

Groom.  4154 .  . 


N 


h.  m.  s 

0  52  32 
55  51 


22  25 
27 
29 
30 
33 
35 
37 
38 
40 
42 
46 
54 
57 

23  00 
03 
05 
08 
11 
14 
16 
20 
24 
27 
33 
36 
41 
43 
48 
50 
53 

0  04 
08 
13 
16 


22  17  01 
20  26 

23  14  08 
16  14 
20  52 

24  39 

25  54 
30  16 
33  12 
41  37 
43  37 
48  01 


S7 
OS 

98 ' 

53 

v.' 

07 

95 

07 

43 

37 

58 

33 

12 

63| 

90 

02 
49 
71 
17 
40 
80 
92 
33 
47 
83 
85 
87 
82 
82 
77 
36 
84 
41 
47 


05 
08 
52 
06 
03 
69 
56 
14 
22 
05 
97 
91 


•041 

(■822) 

-•03S 
(•709) 


33-36 
02-64  29-S5 


-041 

(-684) 


27-21 


h.  m. 


42 

28  36-19 

04  

67 1  

13  

52|  j  

52  00-35  -1-17 
76  48-65  -1-11 
19  06-12  -1-07 
63  13-54  -1-09 

56  !  

77  

47148-43  -1  04 
73H8-67  -106 

74  

12  

69  58-63   

43  |  

S3 
05 
13  . . 

493S-36  -1-13 
93  47-84  -1-09 
55  11-45 
52 
52 
38 
30 
06 
69 
32 
59 
92 
26 


-110 


12-95  -110 


38-48  -1  11 


-1-11 


30  52-95  -1-35 
97  19-55  -1-42 

85!  

34  12-86  -1-48 

18  

84  38-29  -1-55 

55  |  

69  

8411-32 
73  ... 
47  ... 
29  ... 


-1-49 


-1-50 


A    CO  AA 

U  uu 

OO 

22  25  56 

32 

27  36 

18 

on  f\A 

.'4 

1f\  A1 

Oi 

11  11 

fY> 
\J& 

1t\  1  7 

AO 

17  on 

O  i  UU 

AO 

T_ 

1Q  AQ 

DO 

ac\  rift 

-iU  UD 

1  1, 1 

AO  1*2 

oo> 

A(\  OQ 

AA 

z>A  A1 

0/ 

57  48 

37 

23  00  18 

63 

03  41 

64 

05  03 

02 

08  58 

59 

11  26 

33 

14  09 

73 

16  12 

95 

20  52 

03 

24  38 

39 

33  ii 

45 

36  00 

42 

41  36 

42 

43  38 

28 

48  03 

20 

50  28 

96 

53  12 

58 

0  04  24 

21 

08  38 

48 

13  39 

81 

16  25 

15 

23  14  09 

36 

16  12 

85 

20  51 

69. 

24  38 

35- 

25  54 

06- 

30  15 

20 

33  11 

35 

41  36 

24 

43  37 

98 

48  02 

79 

From  Nov.  9  Clamp  East;  from  Nov.  20  Clamp  West. 

1—  2.    Adopted  Ar+m=27-177+-0173  (T-23h  20°>). 

3—36.  Adopted  A7"+m=  -1- 104  -  0022  (T-23b  25") 
37-48.    Adopted  A7/+m=  -1  -496- -0022  (T-0b  15"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date 


c  . 
So 

K 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


i  Polar 
Dev.) 


°  o 
SO 


<i  a 


1+ 

CS  T 


App.  R.A. 
from 
Obser- 
vation 


1910 

Nov.  27 


1 

2 
3 
4 
5 
6 
7 
S 
9 
li) 
11 
12 
13 
14 
15 
L6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
■17 
48 
49 


Groom.  4163. 

<l>  Pegasi  

Bradley  3217. 

B.J.  4  

B.J.  7  

B.J.  8  

a  Andromedae 
P  Andromedae 

Bradley  34  

B.J.  16  

B.J.  17  

B.J.  20  

B.J.  25  

B.D.  71-37.... 

i?  Cass  

Andromedae 
32=  H. Camel. . 

B.J.  32  

h  Piscium  

43  H.Cephei... 
72  Piscium. . . . 

M  Cass  

B.J.  41  

x  Piscium  .... 
Bradley  151... 
Bradley  155 .. . 
B.J.  45  

1  Piscium  

B.J.  46  

w  Andromedae 
a  Urs.  Min .... 
v  Andromedae 
t  Andromedae 
B.J.  57  

2  Persei  

B.J.  63  


B  J  7 

Bradley  1672 
Bradley  34.. . 

B.J.  16  

B.J.  IS  

B.J.  19  

B.J.  20  

B.J.  24  

23  Cass  

v  Cass  

»  Andromedae 
32=  H. Camel. . 
B.J.  33  


L.C.nr 


L.C. 


L.C. 


h.  m.  s. 

23  50  27- 
53  13- 
0  04  21- 

05  41  ■ 

08  39' 

11  OS' 

13  40 
16  26 
25  09 
27  55 
32  00 

34  34 
39  45 

42  18 

43  42 

44  54 
48  31 
51  19 
53  01 
56  19 
00  24 
02  20 
04  31 

06  40 

09  46 

12  52 

14  35 
16  12 
19  37 
22  19 
27  11 
31  34 

35  19 
3S  01 

46  29 

47  58 


N 


1 


69 
72 
'J7 
:,(! 
75 
39 
84 
(U 
65 
55 
41 

42 
83 
76 
79 
3 
10 
61 
55 
01 
25 
72 
•20 
•84 
■78 
•  12 
■00 
•63 
79 
93 
46 
•69 
•98 
•S5 
•81 
•99 


-041 

(•684) 


0  OS  39  07 
14  45  07 
25  OS -52 
27  54-81 

32  07-15 

33  50-89 

34  33-66 
39  43-25 
41  46-35 

43  41.93 

44  53-65 
48  32-19 
51  48-37 


30- 04 
14  02 

25-  30 
42-12  40-65 
39-93  38-42 

1102  

41-27 

26-  56 


-1-50 


-1-51 


-1-47 


-107 


12-29  . 
56-84  . 
01-23  59-78 
34-8133-34 
46-49  45-04 

20-72;  i  

43-75|  

54-94  

25-25  23-86  -1-39 

20-  70   i  

01-91  . 
27-99  26-92 
24-43'. 

21-  58  . 

34-  78  . 
4109  . 
48-64  . 
54-89  . 

35-  33  33-87  -1-46 

12-99'  

39-31  1  

20-59   !  

44  1042-22  -1-88 

35-27  |  

20-471  !  

05-65  04-23  

30-55  

00-23  


a.  m. 

8. 

23  50 

28- 

53 

12- 

0  04 

23- 

05 

40- 

08 

3S- 

11 

09- 

13 

39- 

16 

26 

25 

10- 

27 

55- 

31 

59- 

34 

33 

39 

11 

42 

19 

43 

42 

44 

53 

-073 
(•751) 


39-21  38-35  -  0-86 
24-19  23-92  -  0-27 

11-40   

5611  

07-56  06-74  -0-82 
51-23  50-29  -0-94 
34-03  33-26  -0-77 

45-74  j  

48-81  ;  

42-98   1  

54-21  

26-02  25-22  -0-80 
48-87,47-93  -  0-94 


-0-90 


-0-89 


-0-88 


Clamp  West. 


1—36.  Adopted  AT+m  =  -1  -496- -0022  (T-0h  15°"). 
37—19.    Adopted  &T+m=  -0-855+  -0300  (T-lh  35°). 
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SESSIONAL  PAPER  No.  25a 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Continued 


Date    =  Object 
£  a 


Notes  j> 


J3 

o 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


c  SI 
' —  « 


<  a 


c 


lb 


App.  R.A. 
from 
Obser- 
vation 


1910 
Dec.  5 


Dec.  S 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


h  Piscium  

43  H.Cephei... 
72  Piscium .... 

M  Cass  

B.J.  42  

B.J.  43  

Bradley  137. . . 
Bradley  151.. . 

B.J.  45  

/  Piscium  

$  Andromedae 

B.J.  48  , 

u  Andromedae 
a  Urs.  Min .... 
v  Andromedae 

B.J.  55  

B.J.  57  

2  Persei  

B.J.  64  

B.J.  66  

48  Cass  

B.J.  70  

B.J.  73  

B.J.  75..  

15  Arietis  

B.J.  77  

B.J.  79  

B.J.  81  

i  Cass  

B.J.  87  

B.J.  89  

B.J.  92  

B.J.  93  

39  Arietis  

B.J.  100  

<r  Arietis  

B.J.  103  

iB.J.  108  

B.J.  109  


B.J.  902  

B.J.  13  

B.J.  17  

B.J.  24  

32=  H.Camel. 


'h.  m.  s 


43  H.Cephei...  nr 
Bradley  155... 
Bradley  166... 
t  Andromedae 
B.J.  48  


L.C.,nr 


IN 

0  53  00.90 

-•073 

01- 

56  16-72 

(•751) 

26- 

1  00  23-58 

23- 

it 

02  19-90 

120- 

u 

04  44-55 

45- 

06  45-30 

45- 

08  33-71 

37- 

tt 

09  45-S4 

47- 

u 

14  34-36 

34- 

tt 

16  12-00 

112- 

(( 

17  05-33 

1 

tt 

19  58-38 

59- 

It 

22  19-35 

20- 

It 

27  02-77 

37- 

It 

31  34-03 

34- 

u 

35  43-33 

44- 

it 

38  04-27 

CIt. 

\JO 

u 

46  29-15 

29- 

a 

48  00-41 

00- 

49  43 -5S 

43- 

u 

54  3707 

39- 

55  48  03 

50- 

58  25-S3 

26- 

2  04  14-75 

15- 

05  41-93 

42- 

07  40-83 

41- 

12  01-37 

01- 

13  10-76 

10- 

u 

21  42-62 

44- 

it 

29  32-50 

34- 

u 

33  46-06 

46- 

U 

37  08-96 

10 

tt 

38  07  03 

it; 

It 

42  36-74 

37 

tt 

44  44-96 

4.") 

a 

46  35-32 

35 

tt 

47  56-55 

57 

tt 

58  20-71 

21- 

a 

59  28-45 

28- 

s 

23  54  42-34 

•074 

i2 

a 

0  25  28-11 

(•782) 

28- 

a 

31  57-27 

58- 

ti 

39  40-23 

43- 

tt 

48  32-43 

24 

it 

56  11-50 

23- 

tt 

1  12  47-83 

51- 

u 

15  48-83 

52- 

tt 

17  03  03 

03- 

19  55-95 

57 

s.  h.  m.  s 
-0-88    0  53  00 


25-34 


17 
72 
83 

00  44-15  -  6-85 

66  44  S2  -0-84 

42  

86  

67  33  S2  -0-85 

34  

98 

54  58-63  -  0-86 
00  


0-83  -0  S7 


•1137-33 

■59  

•98  

•06  04-16 
•95 

76  59-96 


0-22 


-0-80 


80  42-95,-0-85. 

00  

13  

42  25-57  -  0-85 
19  14-34  -0-S5 

13!  

64  40-55'  

79  00-93  -  0-S6 
96  1016  -0-SO 

23   

67;.  

30  45-46  -0-S4 

6ll  

79  06-80   

08  

27  44-42  -0-85 

46  

42  56-44   

60  20-6S  

96  28  09  -0-87 

5543-63  1  08 
29  29-28  0-99 


-0-86 


-0-85 


-0-84 


-0-83 


-0-82 


1-20 
1-18 


-0S1 


1-12 


1-14 


1-15 


1 

on 

— 

oD 

i  it'. 

yo 

1 1 1 

1  1  i 

A  A 
rr± 

i 

i.j 

AA 
•±r± 

•  j'.i 

DO 

{ I1 ) 

ACK 
-£U 

QQ 

14. 

M 
OO 

or\ 

9  1 

Ifi 
XQ 

1 1 
11 

HO 

17 

yjo 

1  0 

1Q 

UO 

RO 

22 

1  Q 

Irr 

31 

33 

73 

35 

44 

13 

38 

1)4 

21 

46 

29 

10 

47 

59 

91 

49 

42 

95 

54 

38 

15 

55 

49 

29 

58 

25 

58 

2 

04 

14 

35 

05 

41 

29 

07 

40 

80 

12 

00 

95 

13 

10 

12 

21 

43 

40 

29 

33 

84 

33 

45 

47 

37 

09 

79 

:-;s 

06 

97 

42 

36 

26 

44 

44 

45 

46 

34 

64 

47 

56 

58 

20 

79 

59 

28 

15 

23 

54 

43 

67 

il 

25 

29 

43 

31 

59 

56 

39 

44 

43 

1-16 


12  52 
15  54 
17  05 
19  58 


Clamp  West. 


25a— 28 


1—39.  Adopted  ±T+m  =  -0-855+  -0300  (T-l*  35°). 
40—49.    Adopted  Ar+OT  =  M65+-0300  (T-  lh  25"). 
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i  GEORGE  V..  A.  1913 

TABLE  III. 

REDUCTION"  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continued 


Date 


c  . 
i  5 


Object 


Notes 


Time  of 
Observed 
Transit 


O 


Coll. 


(Polar 

Dev.) 


§■+ 
~  r-. 

<< 


1910 

Dec.  S 


Dec.  9 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
is 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

4o 
46 
47 
4S 
49 


o!  Andromedae 
a  Urs.  Min.  ... 

ir  Piscium  

42  Cass  

B.J.  57  

2  Persei  

B.J.  64  

B.J.  66  

Bradley  246... 
Groom.  422. . . 

B.J.  74  

15  Arietis  

B.J.  76  

B.J.  79  

B.J.  81  

£  Arietis  

27  Arietis  

B.J.  87  

B.J.  93  

39  Arietis  

B.J.  99  

a  Arietis  

B.J.  103  

B.J.  109  , 


B.J.  16  

B.J.  17  

B.J.  19  

B.J.  21  

B.J.  25  

B.D.  71-37.  .. 

1  Cass  

»  Andromedae 
323  H.Camel...L.C.,nr 

B.J.  32  

h  Piscium  

43  H.Cephei...  nr 

m  Cass  

B.J.  41  

jB.J.  43  

Bradley  137... 
Bradley  151... 

B.J.  45  

[/  Piscium  

t  Andromedae 

jB.J.  48  

u  Andromedae 

a  Urs.  Min  

B.J.  51  

B.J.  55  


h.  m.  s 

1  22  16 
26  50 
32  20 
35  56 
38  01 

46  26 

47  58 
49  41 
53  49 
55  12 

2  02  07 
05  39 
07  26 
11  59 
13  OS 
20  01 
25  56 
29  29 
38  04 
42  34 
44  09 

46  33 

47  54 
59  26 


N  I  0  27 
"  31 
"  I  33 
35 
39 
42 
43 
44 
48 
51 
52 
56 
1  02 
04 
06 
08 
09 
14 
16 
17 
19 
22 
26 
31 
35 


s. 
•074 

(•782) 


8. 

17-81 


•022 
(•829) 


34-76 


0412 


59-94 
42-94 


OS  -93 


00  91 
1015 


06-79 


11-82 


56-43 
28  09 


25-97 


24-30 


30 
79  59-54 
40  50-25 
20  26- 13 
14  44-85 

95!  

14 
47 
47 
19 
49 
79 
00 
72 
90  44-78 
62 
67 
95 
70 
31 

28 
64  33-91 

95  

16  


33-79 


58-55 


!  -28 


114 


1-21 


1-85 


2-50 


2-51 


1-88 
i-84 


2  J7 


116 


117 


1-18 


119 


1-20 


1-21 


1-80 


1-81 


1-82 


1-83 


32 

22 

41 

36 

INI 

45 

38 

04 

17 

46 

28 

94 

47 

59 

96 

49 

42 

95 

53 

54 

S.S 

55 

lti 

46 

2  02 

IIS 

97 

05 

41 

22 

07 

29 

11 

12 

00 

97 

13 

10 

14 

20 

02 

59 

25 

57 

93 

29 

33 

lis 

38 

06 

83 

42 

36 

30 

44 

11 

85 

46 

34 

61 

47 

56 

47 

59 

28 

09 

0  27 

55 

10 

31 

5*9 

59 

33 

50 

20 

35 

26 

m 

39 

44 

95 

42 

18 

76 

43 

41 

95 

44 

53 

28 

...51 

19 

00 

52  00 

30 

Clamp  West. 


1-24.  Adopted  A7"+m  =  1  •  165+  0300  (T-lb  25°). 
25—49.    Adopted  .ir+m  =  1-838+  0300  (T-lb  45"). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  .MERIDIAN  CIRCLE— Continued 


Coll. 

f  Transit 
rected 

of 

Stars 

<  e 

(Polar 

Dev.) 

Sec.  o 
Cor 

c 

Date 


c  . 


Object 


Notes 


Time  of 
Observed 
Transit 


?5 
g-f- 


§.+ 
3« 


App.  R.A. 
from 
Obser- 
vation 


1910 
Dec.  9 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


Dec.  10 


B.J.  57  |r 

2  Persei  

B.J.  63  

B.J.  66  

!48  Cass  

B.J.  70  

B.J.  73  

B.J.  74  

B.J.  75  


15  Arietis  r 

B.J.  77  

B.J.  79  

IB.J.  81  

i  Cass  r 

27  Arietis  

B.J.  87  

B.J.  89  | 

B.J.  92  

B.J.  93  

39  Arietis  

B.J.  99  1 

a  Arietis  I 

B.J.  103  

B.J.  108  

B.J.  109  

B.J.  895  

Groom.  4163. .  r 

>fr  Pegasi  

B.J.  1  

B.J.  4  

iB.J.  8  

I<r  Andromedae 
P  Andromedae  r 
Bradley  34.... 

B.J.  17  

B.J.  20  

IB.J.  25  

IB.D.  71-37... . 
v  Andromedae 
32=H.Camel..  L.C.rn 

h  Piscium  

43  H.Cephei.  .  rn 
; Bradley  109..  . 

X  Piscium  | 

Bradley  137.. .  r 
u  Andromedae 

a  Urs.  Min  rn 

t  Piscium   - 

t  Andromedae 
B.J.  57  |r 


N 


h.  m.  s. 
1  38  01-23 


46 
47 
49 
54 
55 
58 
2  02 
04 
05 
07 
11 
13 
21 
25 
29 
33 
37 
38 
42 
44 
46 
47 
58 
59 

23  43 
50 
53 
0  03 
05 
11 
13 
16 
25 
31 
34 
39 
42 
44 
48 
52 
56 
01 
06 
08 
22 
26 
32 
35 
38 


s. 
•022 
(•829) 


02 
27 
56 
41 
35 
46 
23 
07 
12 
39 
38 
59 
08 
41 
56 
31 
43 
07 
0." 
34 
Hi 
32 
54 
18 
26 

34 
25 
09 
43 
37 
06 
36 
22 
07 
56 

 30 

•048  42 
(•843)  15 


•043 

(■843) 


96 

50 

01 

!23 

24 

57 

99 

21 

96 

31 

51! 

36 

25 

'32 

54 

16 

16 

31 

59 

19 

51 

16 

49 

01 

St  46-17 
S4  40-42 

16  

95  

29  

43  

94  59-52 
60  33-20 
20  44-S3 

87  

65  

75  26- 16 

68  

03  24-06 
22  

8iL!!!! 

72  

35  

26  33-11 


•85 


■  s.  I 
26  04- 10 

04;  

80  

08  42-93  1 

94  j  

99  1  

7225-54  1-82 
10  08-92  1-82 
42  14-32  1-90 
32  


66  40-51   

08  00-91  1-83 
27  10-15  1-88 

18  

05  

56  

59  45-45  1-86 

94|  

03  06-78   

401  !  

01  11-81   

78  

66  56-42   

78  20-67   

34  28  09  1-75 


2-60 


2-60 


2-41 


303 


1-85 


20  

47  04  09 


s. 

1-83 


h.  m.  s. 
1  38  04  09 


1-84 


1-85 


1-86 


1-87 


1-88 


2-60 


2-61 


2-62 


2-63 


46 
47 
49 
54 
55 
58 
02 
04 
05 
07 
12 
13 
21 
25 
29 
33 
37 
3S 
42 
44 
46 
47 
58 
59 

23  43 
50 
53 
0  03 
05 
11 
13 
16 
25 
31 
34 
39 
42 
44 


2-64 


2-65 


28-S8 

58-  64 
42-92 
37  -7S 
48-83 
25-56 

08-  95 

14-  27 
41  17 
40-51 
00-93 

10-  12 
43  04 
57.91 

33-  42 

45-  45 

09-  80 
06-89 

36-  27 

11-  88 

34-  65 
56-53 
20-65 
28-22 

37-  38 
27-85 

12-  37 

46-  18 
40-45 
08-77 
39-56 
24-90 

10-  05 

59-  56 
33-22 
44-82 

15-  .1(1 

53-28 


53  00-31 


1  01  33-S6 
06  39-45 
08  35-36 
22  1900 


32  22-41 
35  18-85 
38  04-12 


Clamp  West. 


1—25.  Adopted  ST+m  =  1-838+  -0300  (T-lh  45™). 
26  -  50.    Adopted  Ar-fw=2-650+  0300  (T-lh  30m). 
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3  GEORGE  V..  A.  1913 


TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE-Continucd 


a  . 

»  o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


O  u 

.  o 

so 


<  c 

PS  = 
c 


c  = 

"  . 
^  4- 

3  I 

S-E-< 


1 

2 
3 
4 
5 
6 
7 
8 
9 
Id 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


2  Persei  

B.J.  64  

48  Cass  

47  Cass  

Bradley  282. 

B.J.  76  

B.J.  79  

B.J.  SI  

?  Arietis. . . . 
27  Arietis... 

B.J.  87  

Bradlev  344 . . .  rn 

B.J.  92  | 

B.J.  94  | 

39  Arietis  

B.J.  99  

<r  Arietis  

B.J.  103  

B.J.  105  

Bradley  396. . . 

B.J.  109  

Bradley  417... 
Groom.  2283. . 

t  Arietis  

B.J.  120  

Bradley  459 .. . 


B.J.  27  

v  Cass  

v  Andromedae 
32"-  H. Camel. . 

B.J.  33  

h  Piscium  

43  H.Cephei... 
Bradley  109.. . 

B.J.  42  

X  Piscium  

Bradley  137. . . 
Bradley  151 .. . 

B  J.  45  

Bradley  166... 

B.J.  46  

w  Andromedae 
a  TJrs.  Min.  . .. 
u  Andromedae 
t  Andromedae 

B.J.  57  

2  Persei  

B.J.  63  

B.J.  66  


L.C.rn 


L.C.,rn 


h.  m.  s. 


X 


46 
47 
54 
56 
05 
07 
11 
13 
19 
25 
29 
34 
37 
38 
42 
44 
46 
47 
54 
57 
59 
02 
05 
16 
17 
21 


0  42  31 

43  36 

44  48 

48  28 

51  42 

52  55 
56  08 

1  01  25 
04  39 
06  35 

08  27 

09  39 

14  29 

15  45 
19  31 
22  14 
26  46 
31  28 
35  13 
37  58 

46  23 

47  52 

49  38 


-048 
(•843) 


-•020 
(•767) 


59-93 


2-67 


44  10 

92 


00-90 
14 


17 

72 
32 

931  

74  13-42 

52  

0611-81 

86  

76  56-42 
86 
10 
42 
20 
8524-38 
45 
26  57-88 
96 


2-66 
2-70 


2  OS 


2S-09 


24  36-43 

79  

13  

13  26-54 
57;47-84 

15  

15  23-62 

71  

90  44  07 

33  

52  

15  

54  33-76 
57 
16 
75 
lis 
40 
61 

Mi 

62 
27 
74 


31-63 


04  06 


42-91 


2-67 


3-53 


4-19 


4-41 
4-27 


4-47 
'4-17 


4-22 


6-95 


2-66 


2-67 


-  -  lis 


2-70 


2-71 


417 


4-18 


419 


4-20 


417 


b.  m.  s 

1  46  29 

02 

47  59 

92 

54  37 

5S 

56  10 

84 

2  05  07 

95 

07  29 

04 

12  00 

91 

13  10 

11 

20  02 

59 

25  57 

85 

29  33 

40 

34  55 

00 

37  09 

61 

38  13 

42 

42  36 

21 

44  11 

75 

46  34 

55 

47  56 

4.". 

54  14 

55 

57  52 

79 

59  28 

1 1 

3  02  16 

90 

16  05 

15 

17  57 

96 

21  05 

67 

0  42  36 

41 

43  41 

96 

44  53 

30 

51  47 

74 

53  00 

33 

1  01  33 

89 

04  44 

OS 

06  39 

51 

08  35 

70 

09  46 

33 

14  33 

7:> 

15  53 

76 

19  37 

35 

22  18 

94 

31  33 

59. 

35  18 

81 

38  04 

06 

46  28 

82 

47  58 

47 

49  42 

M 

Clamp  West. 


1-26.  Adopted  AT+m=2  G50+  0300  (T-lb  30°). 
27-49.    Adopted  Ar+m  =4-204  +  0300  (T-lh  50°). 
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TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  .MERIDIAN  CIRCLE — Continued 


Date 


c  . 
£  c 

2£ 


Object 


Notes 


Coll. 


Time  of 
Observed 
Transit 


(Polar 
Dev.) 


°o 


<  c 


=  g 
£  + 

3< 


|+ 

<  < 


App.  R.A. 
from 
Obser- 
vation 


B. 

s. 

25-52 
08-91 
14-30 

4-25 
4-19 
4-18 

40-48 
00-89 
10  14 

4-22 
4-23 

h.  m.  s 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


X  Arietis  

Bradley  246. . . 

B.J.  70  

B.J.  73  

B.J.  74  

B.J.  75  

15  Arietis  

B.J.  77  

B.J.  79  

B.J.  SI  

1  Cass  

27  Arietis  

IB.J.  87  

B.J.  89  

B.J.  92  

B.J.  93  

39  Arietis  

B.J.  100  

<r  Arietis  

B.J.  103  

B.J.  105  

B.J.  108  

B.J.  109  

B.J.  Ill  

Groom.  2283. . 

a  Urs.  Min.  . . . 
v  Andromedae 

B.J.  52  

t  Andromedae 
B.J.  57  

2  Persei  

B.J.  64  

B.J.  66.  

X  Arietis  

B.J.  70  

B.J.  73  

B.J.  74  

B.J.  75  

15  Arietis  

B.J.  76  

B.J.  79  

B.J.  81  

S  Arietis  

<  Cass  

27  Arietis  

B.J.  87  

B.J.  89  

B.J.  92  

B.J.  94  

39  Arietis  


N 


L.C.,nr 


N 


1  52 
53 
55 
58 

2  02 
04 
05 
07 
11 
13 
21 
25 
29 
33 
37 
38 
42 
44 
46 
47 
54 
58 
59 

3  02 
05 


1  26  47 

31  34 

32  31 
35  19 
3S  04 
46  29 

48  00 

49  44 
52  58 
55  47 
58  26 

2  02  09 

04  15 

05  42 
07  2S 

12  01 

13  11 

20  03 

21  42 
25  59 
29  31 

33  46 

37  08 

38  14 
42  37 


It 

92 
20 
60 
40 
60 
7!' 
43 
17 
65 
09 
50 
69 
97 
44 
69 
65 
S2 
12 
20 
25 
45 
26 
4S 
36 

OS 
3S 
44 
51 
44 
25 
901 
03 
68 
45 
18 
90 
05 
28 
44 
75 
18 
80 
45 
07 
95 
52 

V.I 

38 
23 


-•020 
(•767) 


-022 
(•773) 


53 
50 
44 
21 
04 
10 
37 
36 
56 
05 
38 
53 
29 
41 
05 
02 
32 
40 
31 1 
52 
10 
16 
23 
18 
19 

25 
35 
32 
120 
05 
30 
01 
44 
59 
49 
26 

lo 
42 
30 
02 
11 
03 
44 
59 
34 
46 
10 
14 
37 


46 
35 
53 


05 


h.  m. 


4-21 


4-22 


4-21 


74 
09 

27  45-45 

26  

54  06-77 

06  

20  44-41 

32|  

IS  56-41|  

20!  

44  20-65   

S52S-09  4-24 
12  22-37  4-25 
15  24-S0  5-65 

OS  23-94  -1-14 
03  

28  30-76!  

14  1  

34  03-92   

16  

32  59-84  -1-48 
31  42-S5  -1-46 

00  1  

79!  

86  25-43  -1-43 
22  08-85  -1-37 
5614-23  -1-33 

54  

16  

24  00-83  -1-41 
44  10  09  -1-35 

94  i  

24  1  

30  

36  '  

82  45-41  -1-41 

72  

77  13-37  -1-40 
65  1  


4-18  I  4-23 


4-24 


-1-39 


-1-38 


Clamp  West. 


1—25.   Adopted  :vr+m=4-204  +  -0300  (T-lh  50°). 
26—50.   Adopted  Ar+m  =  -l-376+-0075  (T- 2 *  50°). 
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3  GEORGE  V.,  A.  1913 

TABLE  III. 

REDUCTION  OF  TRANSITS  OBSERVED  WITH  THE  MERIDIAN  CIRCLE— Concluded 


c  . 
£  o 


Object 


Notes 


Time  of 
Observed 
Transit 


Coll. 


(Polar 
Dev.) 


q-a 

~  - 

—  - 
~  a 
<—  ~ 

°  s 


CO 

E 

R.  A.  of 
Known  Sti 

I5 
S  + 

£^ 
<<" 

s. 

s. 

44-37 

-1-43 

56-34 

20-59 

28  06 

-1-40 

22-34 

-1-35 

26-82 

-1-25 

■a  e 

0)  K 


App.  R.A. 
from 
§■+  Obser- 
vation 

<  ** 


1 

2 
3 
4 
5 
6 
7 
8 
9 
l(i 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


B.J.  100  

<r  Arietis  

B.J.  103  

B.J.  105  

B.J.  108  

B.J.  109  

B.J.  Ill  

Groom.  2283. 

B.J.  122  

B.J.  124  

s  Tauri  

B.J.  129  

11  Tauri  

B.J.  131  

B.J.  132  

B.J.  136...%.. 

B.J.  139  

B.J.  144  

B.J.  145  

B.J.  147  

B.J.  148  

B.J.  150  


L.C. 


N 


h.  m.  s 

2  44  45 

46  35 

47  56 

54  11 

58  21 

59  28 

3  02  23 
05  45 
21  51 

24  18 

25  33 

34  25 

35  28 

36  35 

38  44 

39  36 
42  12 

48  32 

49  32 
51  53 
53  12" 

55  46 


-022 
(-773) 


8. 

-1-38  2 


-1-37 


a 

7S51-45 

14  17-78 

94  

06  

64  

46  35 
37  44 
70  35 
98  11 
46  32 

15  .. 
18  52 
76  11 
54  45 


15  

18  -1-19 
40  -1-30 
63  -1-35 
23  -1-  23 


86  -1-32 
41  -1-35 
08  -1-46 


Clamp  West. 
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Date 

Clamp 

Observer 

Mean  R.A. 
1910-0 

Date 

I 

Observer 

Mean  R.A. 
19100 

Date 

Clamp 

Observer 

Mean  R.A. 
1910-0 

B.  J.  296 
Dec.  33°  38' 

B.  J.  339 
Dec.  42°  08' 

B.  J.  349 
Dec.  37°  11' 

h  in  s 
Mar.  IS  W    N    7  41  42-37 
Ai  -003 
A2  -003 

Mean  R.A.      7  41  42-364 

Mar.  17 
18 

W 
W 

s 

N 

h  m  s 
8  54  48-14 
48-02 

Mar.  17 
18 

W 
VV 

S 
N 

h  m  s 
9  13  14-S7 
14-90 

Mean  48-080 
A,  -004 
A2  -002 

Mean  R.A.      8  54  48-082 

Mean  14-885 
A,  -000 
A,  -002 
Mean  R.A.      9  13  14-883 

B.  J.  314 
Dec.  43°  29' 

B.  J.  352 
Dec.  34°  46' 

Mar.  IS  W    N   8  16  40-66 
Ai  -002 
A2  -005 

Mean  R.A.      8  16  40-653 

B.  J.  341 
Dec.  47°  31' 

Apr.  28   W    N    9  15  34-61 
A,  004 
A2  -003 
Mean  R.A.      9  15  34-611 

Mar.  17 

18 

w 
w 

S 
N 

8  57  29- 17 
29-15 

B.  J.  320 
Dec.  38°  20' 

B.  J.  358 
Dec.  52°  05' 

Mean  29-160 
A,  -004 
A2  -003 

Mean  R.A.      8  57  29  153 

Mar.  17 
18 

W 

w 

S 
N 

8  27  04- 13 
0416 

Mar.  17 
18 

Apr.  2 
10 
11 
14 
21 
22 
28 

W 
\Y 

W 
E 
E 
E 
E 
W 
W 

S 
N 
S 

s 

N 
S 
N 
N 
N 

9  26  50-64 
50-72 
50-59 
50-70 
50-69 
50-68- 
50-59 
50-60 
50-77 

Mean           04- 145 
A!  -005 
A2  -002 

Mean  R.A.      8  27  04-138 

B.  A.  C.  3097 
Dec.  38°  49' 

Mar.  17 
18 

w 
w 

S 
N 

9  00  48-51 
48-52 

B.  J.  323 
Dec.  53°  02' 

Mean  50-664 
A,  -004 
A2  -001 
Mean  R.A.      9  26  50-659 

Mean  48-515 
A,  -000 
A2  -002 

Mean  R.A.      9  00  48-513 

Mar.  17 

18 

w 
w 

S 
N 

8  32  37-85 
37-94 

B.  J.  360 
Dec.  36°  48' 

Mean  37-S95 
A,  -003 
A2  -005 

Mean  R.A.      8  32  37  SS7 

Mar.  17 
Apr.  2 
10 
11 

14 
21 

22 
28 

W 

w 

E 
E 
E 
E 
W 
W 

S 
S 
S 
N 
S 
N 
N 

N 

9  2S  42-88 
42-81 
42-86 
42-S3 
42-80 
42-83 
42-79 
42-82 

B.  J. 346 
Dec.  43°  35' 

Mar.  17 
18 

w 
w 

S 
N 

9  07  55-30 
55-38 

B.  J.  335 
Dec.  48°  24' 

Mar.  17  W    S    8  53  03-04 
A,  -003 
A2  -001 

Mean  R.A.      8  53  03.036 

Mean  55-340 
Ai  -004 
A2  -003 

Mean  R.A.      9  07  55-333 

Mean  42«828 
A,  -004 
A2  -000 

Mean  R.A.      9  28  42-824 
• 
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Date 


c 
S 

5 


Mean  R.A. 
19100 


Date 


If 

> 

Cla 

V 

0Q 

o 

Mean  R.A. 
19100 


Date 


t- 
G> 

a 
5 

u 

Cla 

CO 

,3 

o 

Mean  R.A. 
19100 


B.  J.  368 
Dec.  59°  28' 


h  m  s 

Mar.  17 

W 

S 

9  44  35-94 

18 

W 

N 

35.91 

Apr.  2 

w 

S 

35-90 

3 

E 

s 

35-99 

10 

E 

s 

36  00 

11 

E 

N 

35-95 

14 

E 

s 

35-93 

21 

E 

N 

35-97 

28 

W 

N 

35-98 

Mean 

A: 

Mean  R.A. 


35-952 
•001 
•001 

9  44  35-954 


B.  J.  374 
Dec.  41°  29' 


Mar.  17 

W 

s 

9  52  10-5S 

18 

W 

N 

10.61 

Apr.  2 

w 

S 

10.60 

3 

E 

s 

10.63 

10 

E 

s 

10.63 

11 

E 

N 

10.63 

14 

E 

s 

10-55 

21 

E 

N 

10-59 

22 

W 

N 

10  -5S 

28 

W 

N 

10-62 

Mean 
A, 
At 


10-602 
-001 
•000 


Mean  R.A.      9  52  10-601 


B.  J.  379 
Dec.  17°  12' 


■Apr.  30  W    S  10  02  25-73 
At  -001 
A2  -003 

**   Mean  R.A.  10  02  25-734 


B.J.  383 
Dec.  43°  22' 


B.  J.  390 
Dec.  37°  10' 


h  m  s 

Mar.  17 

W 

s 

10  11  40-44 

18 

W 

N 

40-39 

26 

W 

S 

40-45 

Apr.  2 

w 

s 

40-51 

3 

E 

s 

.40-43 

10 

E 

s 

40-44 

11 

E 

N 

40-41 

13 

E 

s 

40-45 

14 

E 

s 

40-49 

21 

E 

N 

40-43 

22 

W 

N 

40-46 

28 

W 

N 

40.44 

Mean 
A, 
At 


40-445 
-002 
•000 


Mean  R.A.     10  11  40  443 


B.  J.  3S4 
Dec.  23°  52' 


Apr.  30  W  S  10  11  41-24 
A,  -001 
A2  -002 

Mean  R.A.  10  11  41-241 


B.  J.  386 
Dec.  41°  57' 


Mar.  18 

W 

N 

10  16  58  -31 

26 

w 

s 

58-36 

Apr.  30 

w 

s 

5S-33 

Mean 
Ai 
A2 


58-333 
•003 
-001 


Mean  R.A.     10  16  5S-335 


h  m  s 

Mar.  18 

W 

N 

10  22  40-98 

Apr.  3 

E 

s 

40-95 

10 

E 

s 

41-00 

11 

E 

N 

40-95 

13 

E 

s 

4101 

21 

E 

N 

40-98 

22 

W 

N 

40-98 

25 

W 

S 

40-98 

28 

w 

N 

40-90 

30 

w 

S 

4100 

Mean 
A, 

A2 


40-973 
-002 
■000 


Mean  R.A.     10  22  40-971 


B.  J.  394 
Dec.  56°  27' 


Mar.  17 

W 

S 

10  24  52-52 

18 

w 

N 

52-41 

26 

w 

S 

52-40 

Apr.  3 

E 

S 

52-42 

10 

E 

s 

52-52 

11 

E 

N 

52-51 

13 

E 

s 

52-47 

21 

E 

N 

52-36 

22 

W 

N 

52-45 

25 

W 

S 

52-51 

28 

W 

N 

52-42 

30 

W 

S 

52-53 

Mean 
Ai 
A> 


52-460 
-003 
•000 


Mean  R.A.    10  24  52-457 


B.  J.  398 
Dec.  57°  33' 


Apr.  2 


w 

s 

10  29  22-30 

w 

N 

22-32 

w 

S 

22-27 

w 

s 

22-28 
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Date 


a 
S 

> 

Cla 

» 

in 

-Q 

O 

Mean  R.A. 
1910-0 


Date 


I  i 

O  -9 


Mean  R.A. 
19100 


Date 


— 

a 


Mean  R.A. 
1910-0 


B.  J.  398 
(continued) 


Apr.  3 

E 

10 

E 

11 

E 

13 

E 

14 

E 

21 

E 

22 

\V 

25 

W 

28 

W 

h  m 
10  29 


s 

22-28 
22-33 
22-40 
22-29 
22-32 
22-27 
22  -2s 
22-35 
22-22 


Mean 
Ai 
Ai 

Mean  R.A. 


22-301 
•003 
•000 

10  29  22-304 


37  Leonis  Minoris 
Dec.  32°  27' 


Mar.  26 

W 

s 

10  33  39-52 

Apr.  2 

W 

s 

39-56 

3 

E 

s 

39-53 

10 

E 

s 

39-54 

13 

E 

s 

39-53 

14 

E 

s 

39-56 

21 

E 

N 

39-48 

22 

W 

N 

39-52 

25 

W 

S 

39-54 

28 

w 

N 

39-49 

30 

\v 

S 

39-54 

May  10 

w 

N 

39-52 

Mean 

39-52S 

A 

•000 

As 

•000 

Mean 

R.A 

.     10  33  39-52S 

B.  J.  405 

Dec.  23°  40' 

Apr.  30 

|w 

S 

10  3S  31-50 

May  10 

w 

N 

31-50 

Mean 
A, 
A, 


31-500 
-001 
•000 


Mean  R.A.    10  3S  31-499 


B.  J.  407 
Dec.  31°  09' 


47  Ursae  Majoris 
Dec.  40°  55' 


h  m  £ 

h  m 

s 

Mar.  26 

W 

s 

10  40  51 

82 

Mar.  26 

W 

s 

10  54 

25-83 

Apr.  3 

E 

s 

51 

SI 

Apr. 

3 

E 

s 

25-74 

10 

E 

S  ' 

51 

81 

11 

E 

N 

25.78 

11 

E 

N 

51 

85 

13 

S 

25-74 

13 

E 

S 

51 

77 

21 

N 

25-78 

14 

E 

s 

51 

79 

22 

W 

N 

25.82 

22 

\Y 

N 

51 

SO 

25 

W 

S 

25-78 

25 

W 

S 

51 

v2 

28 

w 

N 

25-80 

28 

\v 

N 

51 

S6 

30 

w 

s 

25  •  75 

30 

w 

S 

51 

81 

May 

3 

w 

N 

25  SI 

May  10 

w 

N 

51 

S3 

10 

w 

N 

25-79 

12 

w 

N 

25  S4 

Mean  51-815 
Ai  -004 

A;  -000 

Mean  R.A.    10  40  51-819 


Mean 

A, 


25-7S8 
-001 


Mean  R.A.    10  54  25-787 


B.  J.  412 

B.  J.  416 

Dec.  34°  42' 

Dec.  56°  52' 

Mar.  26 

W 

s 

10  4S  16-91 

Mar.  17 

W 

s 

10  56  24-99 

Apr.  3 

E 

s 

16-96 

26 

W 

s 

24-95 

10 

E 

s 

16  -86 

Apr.  3 

E 

s 

25  04 

11 

E 

N 

16-91 

10 

E 

s 

25-07 

13 

E 

s 

16-91 

11 

E 

N 

25  08 

14 

E 

s 

16-92 

13 

E 

s 

25-05 

21 

E 

N 

16-95 

14 

E 

s 

25  04 

22 

W 

N 

16-93 

21 

E 

N 

25 -OS 

25 

W 

S 

16-92 

22 

W 

N 

25  07 

28 

W 

N 

16-94 

25 

W 

S 

25  06 

30 

W 

S 

16-93 

28 

w 

N 

25 -OS 

May  10 

w 

N 

16-86 

30 

w 

S 

25-00 

w 

N 

25-16 

May  3 

Mean 

16-917 

10 

w 

N 

25  04 

A 

•004 

12 

w 

N 

25-07 

A 

.nnn 

Mean  R.A.     10  48  16-921 


54  Leonis 
Dec.  25°  14' 


Mean 
Ai 
A2 

Mean  R.A.     10  56 


25-052 
-003 
-001 

25  04S 


Apr.  30 

w 

s 

10  50  44-56 

May  3 

w 

N 

44-56 

10 

w 

N 

44-56 

B.  J.  420 
Dec.  44°  59' 


Mean  44-560 

A,  -005 

A2  -001 

Mean  R.A.  10  50  44-554 


Mar.  26 
Apr.  2 

3 
10 


w 

S 

11  04  36-42 

w 

S 

36-41 

E 

S 

36-45 

E 

S 

36-43 
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Date 


&  I  Mean  R.A. 

j|  :  i9io-o 
o 


B.  J.  420 
(continued) 


Date 


a 

g 

o 


XI 

Z 


Mean  R.A. 
19100 


B.  J.  424 
(continued) 


Date 


a 
a 

D 


Mean  R.A. 
19100 


B.  J. 441 

Dec.  48°  17' 


h  m  s 

Apr. 

11 

E 

N 

11  04  36-53 

13 

E 

S 

36-49 

14 

E 

s 

36-47 

21 

E 

N 

36  -48 

22 

W 

N 

36-50 

25 

W 

S 

36-43 

28 

w 

N 

36-47 

30 

w 

S 

36-47 

May 

3 

W 

N 

36-52 

10 

w 

N 

36-46 

12 

w 

N 

36-49 

Mean  36-468 

A,  -004 

A:  -000 

Mean  R.A.  11  04  36-472 


B.  J.  422 
Dec.  21°  01' 


Apr.  30  W 

May   3  W 

7  W 

10  \Y 

12  VV 


s 

11  09  19-42 

N 

19-43 

S 

19-43 

N 

19-41 

N 

19-41 

Mean 

A, 
A2 


19-420 
-005 
•000 


Mean  R.A.     11  09  19-415 


B.  J.  424 

Dec.  49°  58' 


Mar. 

26 

W 

s 

11  11  37-87 

Apr. 

2 

W 

s 

37-80 

3 

E 

s 

37-77 

10 

E 

s 

37-85 

11 

E 

N 

37-93 

14 

E 

s 

37-86 

22 

W 

N 

37-81 

25 

W 

S 

37-89 

28 

W 

N 

37-94 

30 

w 

S 

37-81 

May 

3 

w 

N 

37-91 

7 

w 

S 

37-81 

10 

w 

N 

37  S6 

12 

w 

N 

37-77 

Mean 

A, 
A: 


h  m  s 
11  11  37-849 
•003 
-001 


Mean  R.A.     11  11  37-S51 


B. 

J.  42 

> 

Dec.  33°  35' 

Mar.  26 

W 

S 

11  13  37-31 

Apr.  2 

w 

s 

37-23 

11 

E 

N 

37-20 

14 

E 

S 

37-25 

21 

E 

N 

37-20 

22 

W 

N 

37-26 

25 

w 

S 

37-30 

28 

w 

N 

37-17 

30 

w 

S 

37-20 

May  3 

w 

N 

37-25 

7 

w 

S 

37-23 

10 

\Y 

N 

37-36 

12 

YV 

N 

37-21 

Mean 

37-244 

Ai 

•003 

As 

-■001 

Mean  R.A.    11  13  37-246 

B. 

J.  432 

Dec.  43°  40' 

Apr.  30 

W 

S 

11  25  39  08 

May  7 

W 

S 

39-12 

11 

W 

S 

39-09 

Mean 
Ai 
A2 


39  097 
■003 
-001 


Mean  R.A.     11  25  39  099 


Mar.  26 
Apr.  2 
25 
27 
30 

May  7 
10 
11 
12 
15 
16 


h  ni 
11  41 


8 

IS -07 
1SII2 
18^13 
18-14 
18-12 
1806 
18-08 
18.09 
1813 
1808 
1809 


Mean 

A, 
A2 


18  092 
-001 
-002 


Mean  R.A.     11  41  18  089 


B.J.  444 

Dec.  15°  05' 


Apr.  30  W 


May  a 
7 
10 
11 
12 
15 
16 


11  44  28-20 
28  19 
28-21 
28-20 
28-18 
28-21 
28-23 
28-21 


Mean 
A, 
A, 


28-204 
-004 
•001 


Mean  R.A.     11  44  2S-201 


Groombridge  1830 
Dec.  3S°  22' 


Apr.  2 
12 

25 
27 

May  3 

5 


\Y 
E 
W 

w 
w 
w 
w 


11  47  47-64 
47-76 
47-70 
47-76 
47-78- 
47-65 
47-73 
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Date 


Mean  R.A 
1910-0 


Date 


Mean  R.A. 
19100 


Date 


c  » 
B  t 

Z  | 


Mean  R.A. 
1910-0 


Groombridge  1830 
(continued) 


1  Canum  Venaticorum 
Dec.  53°  56' 


h  m  s 

Mav  10 

W 

N 

11  47  47-68 

11 

W 

S 

47-66 

12 

w 

N 

47-69 

15 

w 

S 

47-66 

16 

E 

N 

47-71 

Mean 

A, 


Mean  R.A. 


47-702 
•003 
-001 

11  47  47-704 


Mar.  26 
Apr.  27 
May  3 
5 
7- 
10 
11 
12 
15 
16 
21 


W 
\Y 

w 
w 
w 
w 
w 
w 
w 

E 
E 


h 
12 


m  s 

10  15-96 
16  01 
15-96 
15-S1 
15-88 
15-91 
15-96 
15-95 
15-91 
15-85 
15-92 


B.J.  447 
Dec.  54°12' 


Mean 


15-920 
-003 


Mean  R.A.      12  10  15-917 


Mar 

26 

W 

s 

11  49  06  00 

Apr. 

12 

E 

N 

06  09 

25 

W 

S 

06  09 

27 

w 

s 

06  09 

May 

7 

w 

s 

06  04 

11 

w 

s 

06  03 

12 

w 

N 

06- 13 

15 

w 

s 

06  03 

16 

E 

N 

06-16 

B.J.  456 


Dec.  57° 

32' 

Apr.  S 

E 

N 

12  10  58-61 

12 

E 

N 

58-43 

May  17 

E 

5S-55 

Mean 
Ai 

A2 


06  073 
•003 
-•002 


Mean 
Ai 

A3 

Mean  R.A. 


58-530 
■002 
•005 

12  10  58-537 


Mean  R.A.      11  49  06  074 


B.J.  458 
Dec.  41°  10' 


o  Leonis 
Dec.  16°  09' 


May  3 

W 

N 

11  51  02-90 

5 

W 

s 

02-85 

w 

s 

02-86 

10 

w 

N 

02-94 

11 

w 

s 

02-88 

12 

w 

N 

02 -S9 

15 

I 

S 

02-84 

16 

N 

02-S4 

Mar.  26 

W 

s 

12  11  37-12 

Apr.  25 

w 

s 

37- 12 

27 

w 

s 

37- 14 

May  3 

w 

N 

37  0S 

5 

\v 

s 

37- 12 

7 

w 

s 

37  10 

10 

w 

N 

37  09 

11 

w 

S 

37- 12 

12 

w 

N 

37  04 

15 

w 

s 

37-11 

16 

E 

N 

37-OS 

21 

E 

N 

37  10 

Mean 
A2 


02S75 
•001 


Mean 
Ai 
Aj 


37- 102 
•002 
-001 


Mean  R.A.      11  51  02-876 


Mean  R.A.      12  11  37- 103 


12  Comae 
Dec.  26°  21' 


May  5 
7 
12 


W 
W 
W 


15  W 

16  E 


h  m  s 
12  17  58-98 
58-97 
59  03 
58-93 
58-98 


Mean 
Ai 

A3 

Mean  R.A. 


5S-978 
•000 
•000 

12  17  58-978 


B.J.  461 
Dec.  39°  31' 


Mar.  26 
Apr.  8 
12 
27 

May  3 
5 
7 
10 
11 
12 
15 
16 
17 
21 
28 


W 
E 
E 
W 
W 
W 
W 
W 
w 
w 

W 
E 
E 
E 
W 


12  21 


25  04 
25  06 
25  04 
25  08 
25- 


•06 
25-02 
25  01 
25  05 
25-08 
25  08 
25  05 

24-  98 

25-  00 
25  04 
25  06 


Mean  25-043 

A,  -004 

A:  -001 

Mean  R.A.  12  21  25-03S 


15  Comae 
Dec.  2S°  46' 


Mav   3  W 
5  W 

10  W 

11  W 
12 
15 
16 
21 


W 
W 
E 
E 


2S  \Y 


12  22 


27-22 
27-28 
27 -2s 
27-28 
27-32 
27-23 
27-28 
27-27 
27-29 


Mean 
A, 

Mean  R.A. 


27-272 
-•001 

12  22  27-271 
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Date 


S    I  u 

a  [  oi 
O  J? 


Mean  R.A. 
1910-0 


Date 


14 

o. 

o 

E 

> 

3 

s 

U 

on 

Mean  R.A. 
19100 


Date 


I  s 

03  O 

3  J 


Mean  R.A. 
19100 


B.J.  466 
Dec.  21°  24' 


B.  J.  470 
(continued) 


31  Comae 
Dec.  28°  02' 


h  m  s 

May  5 

w 

S 

12  25  12  02 

7 

YV 

S 

12-06 

11 

YV 

S 

1204 

12 

w 

N 

12-13 

15 

w 

S 

12  01 

16 

E 

N 

11-99 

h  m 

8 

Apr. 

30 

W 

S 

12  47 

18-95 

May 

5 

\Y 

S 

19  03 

7 

YV 

S 

18-91 

11 

W 

s 

18-91 

15 

w 

s 

19 -OS 

19 

E 

s 

18-92 

Mean 
A, 
A. 


Mean  R.A. 


12-042 
•002 
•001 

12  25  12-045 


B.J.  467 
Dec.  5S°54' 


Mar.  26 

W 

s 

12  25  45-45 

Apr.  2 

W 

s 

45-39 

s 

E 

N 

45-39 

12 

E 

N 

45-37 

27 

W 

S 

45-43 

May  17 

E 

s 

45-37 

21 

E 

N 

45-36 

28 

W 

N 

45-34 

Mean 
A, 
Ai 


45-3SS 
-004 
•000 


Mean  R.  A.     12  25  45-3S4 


B.J.  470 


Dec.  41° 

51' 

Mar.  26 

W 

I 

12  29  28- 19 

Apr.  2 

W 

28-25 

8 

E 

N 

28-21 

12 

E 

N 

28-28 

27 

W 

S 

28-25 

May  3 

W 

N 

28-27 

5 

w 

S 

2S-25 

7 

w 

S 

28-24 

10 

w 

N 

28-30 

11 

YV 

S 

2S-25 

12 

YV 

N 

2S-19 

15 

W 

S 

28-28 

16 

E 

N 

28-23 

May  17 
21 

28 


E 

s 

E 

N 

W 

h  m  s 
12  29  28-26 
28-25 
2S-27 


Mean 
A, 
A, 


28-24S 
■003 
-001 


Mean  R.A.    12  29  28-250 


23  Comae 
Dec.  23°  07' 


May  3 

YV 

N 

12  30  22  09 

5 

YV 

S 

22  03 

10 

W 

N 

22- 14 

11 

W 

S 

22-05 

12 

w 

N 

22  06 

16 

E 

N 

22-05 

21 

E 

N 

22-10 

28 

W 

N 

22-11 

Mean 
A, 
A: 


Mean  R.A. 


22-079 
•000 
-001 

12  30  22-078 


9  Canum  Venaticorum 
Dec.  41°  22' 


Apr. 

12 

E 

N 

12  34  26-49 

27 

W 

S 

26-47 

May 

3 

YV 

N 

26-53 

5 

W 

S 

26-51 

7 

YV 

s 

26 -5S 

10 

W 

N 

26-54 

11 

YV 

S 

26-52 

15 

YV 

s 

26-51 

16 

E 

N 

26-59 

17 

E 

S 

26-55 

21 

E 

N 

26-59 

28 

W 

N 

26-56 

Mean 
A2 


26-537 
-001 


Mean  R.A.      12  34  26-536 


Mean 
A, 
A, 


1S-967 
-002 
•002 


Mean  R.A.    12  47  1S-967 


B.  J.  483 
Dec.  56°  27' 


Apr. 

2 

W 

S 

12  50  04-32 

May 

5 

w 

s 

04-24 

7 

w 

s 

04-19 

15 

w 

s 

04-30 

19 

E 

s 

04-30 

21 

E 

N 

04-36 

26 

W 

N 

04-37 

Mean 
A, 

A; 


04-297 
•002 
-001 


Mean  R.A.    12  50  04-298 


B.  J.  485 

Dec.  38°  48' 


Apr. 

8 

E 

N 

12  51  49-20 

12 

E 

N 

49-20 

27 

YV 

S 

49-22 

30 

YV 

S 

49-22 

May 

5 

w 

s 

49-19 

6 

YY 

N 

49-23 

7 

YV 

s 

49-15 

10 

w 

N 

49-12 

11 

w 

s 

49-24 

12 

YV 

N 

49-23 

15 

W 

S 

19-20 

16 

E 

N 

49-26 

17 

E 

S 

49-21 

19 

E 

S 

49-22 
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Date 


%■* 

a 
S 

> 
u 

Cla 

a 

to 

Xi 

O 

Mean  R.A. 
1910- 0 


Date 


1 

Cla 

9SI 

O 

Mean  R.A. 
19100 


Date 


Mean  R.A. 
1910-0 


B.  J.  485 

(continued) 


B.  J.  491 
Dec.  3S°59' 


19  Canum  Venaticorum 
Dec.  41°  20' 


h  m 

s 

May  21 

E 

N 

12  51 

49-18, 

26 

W 

N 

49-17 

28 

W 

N 

49-25 

June  3 

W 

S 

49-21 

h  ra  s 

12 

E 

N 

13  05  55-37 

27 

W 

S 

55-35 

5 

W 

S 

55-31 

6 

W 

N 

55-37 

7 

W 

S 

55-35 

10 

W 

N 

55-35 

11 

W 

S 

55-34 

12 

W 

N 

55-32 

15 

W 

S 

55-41 

16 

E 

N 

55-34 

19 

E 

S 

55-32 

21 

E 

N 

55-37 

26 

W 

N 

55-34 

28 

W 

N 

55-37 

3 

W 

S 

55-37 

8 

W 

N 

55-34 

Mean 
A, 
A2 

Mean  R.A.  12 


49-205 
•000 
-001 
51  49-204 


14  Canum  Venaticorum 
Dec.  36°  17' 


Apr.  12 

E 

N 

13  01  32  07 

27 

W 

S 

32-06 

30 

W 

S 

32-00 

May  5 

W 

s 

32  04 

6 

W 

N 

32  03 

7 

W 

s 

32-00 

10 

W 

N 

32  05 

11 

W 

S 

32  04 

12 

W 

N 

31-99 

15 

W 

S 

32  OS 

16 

E 

N 

32  06 

17 

E 

S 

32  06 

19 

E 

s 

32  03 

21 

E 

N 

32  03 

26 

W 

N 

32  02 

28 

W 

N 

32  01 

June  3 

W 

S 

32  07 

8 

W 

N 

32  07 

Mean 

32-039 

A2 

Mean  R.A. 


13  01  3: 


•000 
•039 


15  Canum  Venaticorum 
Dec.  39°  01' 


Mav  11 

W 

s 

13  05  33-61 

15 

W 

s 

33-60 

19 

E 

s 

33-61 

21 

E 

N 

33-59 

26 

W 

N 

33-57 

28 

w 

N 

33-56 

June  3 

w 

S 

33-55 

8 

w 

N 

33-64 

Mean 
A2 

Mean  R.A. 


33-591 
-001 
13  05  33-590 


May 


June 


Mean 

A, 
A2 


55-351 
-003 
-001 


.Mean  R.A.     13  05  55-347 


B.  J.  492 
Dec.  2S°20' 


June 


30 

W 

s 

13  07  40-46 

5 

w 

s 

40-48 

6 

w 

N 

40-38 

7 

w 

S 

40-45 

10 

w 

N 

40-51 

11 

w 

s 

40-46 

12 

w 

N 

40-52 

15 

w 

S 

40-43 

16 

E 

N 

40-51 

19 

E 

S 

40-44 

21 

E 

N 

40-44 

28 

w 

N 

40-46 

3 

w 

S 

40-46 

8 

w 

N 

40-49 

Mean 
A, 
A2 


40-464 
-001 
•000 


Mean  R.A.    13  07  40-463 


Apr.  8  I  E 
12  •  E 
27  W 
30  W 

May   5  W 

6  W 

7  W 

10  w 

11  w 

12  W 

15  I  W 

16  E 
19 
21 
28 

June  3 

8 


h  m 
13  11 


s 

29-17 
29-24 
29-26 
29-27 
29-27 
29-23 
29-20 
29-30 
29-29 
29-23 
29-30 
29-29 
29-25 
29-23 
29-25 
29-24 
29-26 


Mean 

A2 


29-252 
-•001 


Mean  R.A.    13  11  29-251 


B.  J.  494 
Dec.  41°  03' 


Apr.    8  E 

12  E 
27  I  W 

30  W 

May  5  W 

6  I  W 

7  W 

10  w 

11  w 

12  W 

15  W 

16  E 

17  E 
19  E 
21  E 


26 
28 

June  3 
S 


w 
w 
w 
w 


13  13  30-54 
30-50 
30 -4S 
30-49 
30-53 
30 -4S 
30-55 
30-48 
30-48 
30-66 
30-54 
30-46 
30-56 
30-50 
30-51 
30-51 
30 -4S 
30-50 
30-50 


Mean 

Ai 
At 


30-513 
-005 
-001 


Me 


R.A.    13  13  30-507 
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OB 

Date 

- 

> 

u 

o 

Mean  R.A. 

o 

<  III 

19100 

25  Canum  Venatieorum 

Dec.  36°  45' 

h 

m  s 

Apr. 

8 

E 

N   13  33  27-78 

12 

E 

N 

27-90 

30 

W 

S 

27-85 

May 

5 

w 

S 

27-74 

A 
'  1 

w 

N 

27-81 

w 

S 

27-79 

10 

w 

N 

27-81 

11 

w 

S 

27-78 

12 

w 

N 

27-77 

15 

w 

S 

27-78 

16 

E 

N 

27  SI 

17 

E 

s 

27-80 

19 

E 

s 

27-79 

21 

E 

N 

27-79 

28 

W 

N 

27  SO 

June 

3 

w 

S 

27-75 

4 

w 

s 

27 -7S 

8 

w 

N 

27-81 

9 

w 

S 

27-81 

18 

w 

N 

27-82 

19 

w 

S 

27-77 

Mean 

27-797 

•000 

Ai 

•000 

Mean  R.A.    13  33  27-797 

B.J.  507 

Dec.  17 

0  54' 

Apr. 

30 

W 

s 

1 

13  42  59- 15 

May 

5 

w 

s 

59  09 

6 

w 

N 

59  12 

7 

w 

s 

59- 18 

10 

w 

N" 

59  18 

11 

\Y 

S 

59  08 

12 

w 

N 

59  04 

15 

w 

s 

59- 12 

16 

E 

N 

59- 15 

19 

1  E 

S 

59- 13 

21 

E 

N 

59  09 

26 

W 

N 

59- 11 

28 

W 

N 

59  09 

June 

3 

w 

S 

59- 14 

4 

w 

s 

59- 15 

8 

w 

N 

59- 10 

9 

w 

s 

59  12 

Date 


Mean  R.A. 
19100 


23  Canum  Venatieorum 
Dec.  40°  37' 


h 

m  s 

Apr. 

8 

E 

N 

13 

16  17 

01 

12 

E 

N 

17 

05 

27 

W 

S 

17 

06 

30 

W 

s 

17 

07 

May 

5 

w 

s 

17 

01 

7 

w 

s 

17 

06 

10 

\v 

N 

17 

05 

11 

w 

S 

17 

10 

12 

w 

N 

17 

1 1 

15 

\Y 

S 

17 

08 

16 

E 

N 

17 

lis 

17 

E 

S 

17 

05 

19 

E 

s 

17 

05 

21 

E 

N 

17 

09 

26 

W 

N 

17 

mi 

June 

3 

W 

S 

17 

03 

4 

w 

s 

16 

99 

8 

w 

N 

17 

06 

9 

w 

S 

17 

07 

Mean 
As 


17  060 
•000 


Mean  R.A.     13  16  17  060 


B.  J.  497 

Dec.  55°  24' 


Apr. 

8 

E 

N 

13  20  IS 

23 

12 

E 

N 

18 

20 

27 

W 

S 

18 

17 

30 

w 

S 

18 

21 

May 

5 

w 

s 

18 

18 

6 

w 

N 

18 

07 

\v 

S 

18 

17 

10 

w 

N 

18 

25 

11 

w 

S 

18 

18 

12 

w 

N 

18 

26 

15 

w 

S 

18 

14 

E 

N 

18 

15 

E 

S 

18 

23 

19 

E 

s 

18 

19 

21 

E 

N 

18 

17 

28 

W 

N 

IS 

17 

June 

3 

W 

S 

18 

15 

4 

w 

s 

18 

17 

8 

w 

N 

18 

23 

9 

w 

S 

18 

20 

13 

E 

N 

18 

30 

Date 


- 


Mean  R.A. 
19100 


B.J.  497 
continued) 


h  m  s 

Moan  13  20  18-201 
A,  -003 

A2  -002 

Mean  R.A.     13  20  18-202 


SI  Ursae  Majoris 
Dec.  55°  49' 


5 

W 

S 

17 

E 

S 

13  30  39-69 
39-70 


Mean  39-695 
A2  003 

Mean  R.A.     13  30  39-69S 


B.  J.  502 
Dec.  37°  39' 


Apr. 

30 

W 

S 

13  30  46- 

.  . 

May 

0 

W 

N 

46 

74 

7 

W 

S 

46 

71 

11 

\v 

s 

46 

76 

12 

w 

N 

46 

75 

15 

w 

s 

46 

75 

16 

E 

N 

46 

80 

19 

E 

S 

46 

84 

21 

E 

N 

46 

79 

28 

W 

N 

46 

74 

June 

3 

.  W 

S 

46 

76 

4 

W 

s 

46 

/ 1 

8 

W 

N 

46 

81 

9 

\Y 

S 

46 

79 

13 

E 

N 

46 

82 

15 

E 

S 

46 

80 

19 

W 

S 

46 

77 

Mean 

A, 


46-775 
•003 
•000 


Mean  R.A.     13  30  46-778 
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Date 

Clamp 

Observer 

Mean  R.A. 
1910-0 

Date 

s 
5 

Observer 

Mean  R.A. 
1910-0 

Date 

Clamp 

|  Observer 

Mean  R.A. 
19100 

B.  J.  507 
(continued) 

B.J.  513 
(continued) 

9  H.  Bootis 
(continued) 

June  13 
15 
18 
19 

E 
E 
W 

w 

N 
S  ' 
N 
S 

h   m  s 
13  42  59  04 
59-11 
59-11 
59  08 

May  12 
15 
16 
19 
21 
26 

June  3 
4 

8 

9 
13 
15 
18 
19 

w 
w 

E 
E 
E 
W 
W 

w 
w 
w 

E 
E 

w 
w 

N 
S 
N 
S 
N 
N 
S 

s 

N 
S 
N 
S 
N 

s 

h  m  s 
13  50  23-96 
24  01 
24  00 
24-00 
23-97 
23-91 
23-96 
23-98 

23-  97 

24-  01 
23-98 
23-99 
23-95 
23-96 

May  16 
19 
21 

26 
28 

June  3 
4 
8 
9 
13 
18 
19 

E 
E 
E 
W 
W 

w 
w 
w 
w 

E 

w 
w 

N 
S 
N 
N 
N 
S 
S 
N 
S 

s 
s 

N 

h  m  s 
14  04  19-92 
19-99 
19-91 
19-93 
19-94 
19-93 
19  S6 
19-97 
19-91 
19 -S9 
19-88 
19-91 

Mean  59-113 
A,  -001 
AS  001 
Mean  R. A.    13  42  59  113 

B.J.  509 
Dec.  49°  40' 

Mean  19-921 
A2  -001 
Mean  R.A.    14  04  19-920 

Apr.  8 

30 

May  5 
6 
7 
10 
11 
12 
15 
16 
17 
19 
21 
26 
28 

June  3 
4 
8 
9 
13 
15 
18 
19 

E 
W 

w 
w 
w 
w 
w 
w 
w 

E 
E 
E 
E 
W 
W 
W 
W 

w 
w 

.  E 
E 
W 
W 

N 
S 
S 
N 
S 
N 
S 
N 
S 
N 
S 
S 
N 
N 
N 
S 
S 
N 
S 
N 
S 
N 
S 

13  43  59-74 
59-68 
59-69 
59-65 
59-69 
59-77 
59-61 
59-72 
59-65 
59-70 
59-75 
59-63 
59-73 
59-71 
59-69 
59-70 
59-68 
59-79 
59-63 
59-77 
59-76 
59-75 
59-71 

Mean  23-982 
A!  -004 
A:  001 
Mean  R.A.    13  50  23-979 

B.J.  522 
Dec.  25°  31' 

B.J.  517 
Dec.  27°  49' 

May  5 
7 
11 
15 
16 
19 
21 
26 
28 

June  3 
4 
8 
9 
13 
18 
19 

w 
w 
w 
w 

E 
E 
E 
W 
W 
W 

w 
w 
w 

E 

w 
w 

S 
S 
S 
S 
N 
S 
N 
N 

S 

s 

N 

s 

N 
N 
S 

14  06  17-69 
17-70 
17-69 
17 -6S 
17-72 
17-69 
17-69 
17-67 
17-68 
17-65 
17-64 
17-65 
17 -6S 
17-67 
17-69 
17-67 

May  7 
11 
12 
15 
16 
19 
21 
26 

June  3 
4 
8 
9 
13 
18 
19 

w 
w 
w 
w 

E 
E 
E 

w 
w 
w 
w 
w 

E 

w 
w 

s 
s 

N 

s 

N 
S 
N 
N 
S 

s 

N 
S 
N 
N 
S 

13  57  05-66 
05-62 
05-66 
05-59 
05-71 
05-63 
05-60 
05-68 
05-59 
05-67 
05-61 
05-66 
05-65 
05-64 
05-63 

Mean  59-704 
Ai  -003 
Ai  -001 
Mean  R.A.    13  43  59-700 

Mean  17-679 
A,  004 
A2  -000 

Mean  R.A.    14  06  17-683 

Mean  05-640" 
A,  -004 
A.;  -000 
Mean  R.A.    13  57  05-644 

B.J.  513 

Dec.  18°  51' 

9  H 

Dec 

.  Bodtis 
.44°  17' 

B.J.  526 
Dec.  19°  39' 

May  5 

W 

s 

13  50  24  00 

May  5 

W 

S 

14  04  19-92 

May  5 

w 

s 

14  11  33-44 

6 

W 

N 

23-99 

7 

W 

S 

20  00 

6 

w 

N 

33-40 

7 

w 

S 

24-03 

11 

W 

s 

19-84 

7 

w 

S 

33-42 

11 

w 

S 

24  00 

15 

W 

s 

19-94 

11 

w 

S 

33-41 
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Date 


*4 

a 

= 

> 

u 

rr 

C 
CO 

o 

19100 


Date 


—  CO 


Mean  R.A. 
19100 


Date 


£  C 

03  0J 

—  i. 

O  ■£ 


Mean  R.A. 
19100 


B.J.  526 
(continued) 


IU.  528 
Dec.  51°  47' 


g  Hootis 
Dec.  50°  15' 


June 


h 

m  s 

15 

W 

s 

14 

11  33-44 

16 

E 

N 

33-39 

19 

E 

S 

33-45 

21 

E 

N 

33-39 

26 

W 

N 

33-28 

28 

W 

N 

33-41 

3 

W 

s 

33-40 

4 

W 

s 

33-45 

8 

W 

N 

33-40 

9 

W 

S 

33-44 

13 

E 

N 

33-36 

15 

E 

S 

33-40 

18 

W 

N 

33-34 

19 

W 

S 

33-34 

Mean 
Ai 
A2 


33-398 
-003 
•001 


Mean  R.A.    14  11  33-390 


B.J.  527 
Dec.  46°  30' 


Apr. 

8 

E 

N 

14  12  57 

77 

May 

5 

W 

S 

57 

70 

6 

W 

N 

57 

81 

7 

w 

S 

57 

76 

15 

w 

S 

57 

69 

16 

E 

N 

57 

74 

17 

E 

S 

57 

79 

19 

E 

S 

57 

71 

21 

E 

N 

57 

83 

26 

W 

N 

57 

70 

28 

W 

N 

57 

77 

June 

3 

W 

S 

57 

74 

4 

W 

S 

57 

76 

8 

W 

N 

57 

75 

9 

W 

S 

57 

78 

10 

E 

N 

57 

SO 

Mean  57-756 

A,  -003 

A2  -  001 

Mean  R.A.  14  12  57-75S 


June  13 
18 
19 


E 

s 

W 

s 

W 

N 

h  m  s 
14  12  58-76 
58-73 
58-77 


June 


Mean 
A, 
A2 


58-753 
-003 
-000 


E 

s  1 

W 

s 

E 

s 

VV 

s 

VV 

N 

E 

S 

h  m  s 
14  25  29-95 
29-95 
29-93 
29-98 
30  05 
29-96 


Mean  R.A.     14  12  58-750 


Mean 
At 


29-970 
•002 


B.J.  531 
Dec.  52°  16' 


Mean  R.A.     14  25  29-972 


May  17 

E 

s 

14  22  07-95 

28 

W 

N 

07-88 

June  3 

W 

s 

07-95 

4 

w 

s 

07-93 

8 

w 

N 

07-97 

9 

w 

S 

07-92 

13 

E 

N 

08  05 

15 

E 

S 

08  03 

18 

W 

N 

08-04 

19 

w 

S 

07-99 

25 

w 

S 

0S06 

204  B.  Boot  is 
Dec.  42°  12' 


Mean 
A, 
As 


07-979 
•003 
-•001 


Mean  R.A.     14  22  07-981 


/  Boot  is 
Dec.  19°  3S' 


May  5 

W 

S 

14  22  16  13 

6 

W 

N 

16- 17 

W 

S 

16-24 

w 

S 

16  16 

% 

w 

1615 

16 

E 

1 

16- 19 

19 

E 

s 

16-18 

21 

E 

N 

16-20 

June  10 

E 

N 

16- 15 

Mean 
A, 
Ai 


16- 174 
•002 
•000 


Mean  R.A.     14  22  16- 176 


May 


June 


5 

W 

s 

14  26  03-98 

6 

w 

N 

04  03 

7 

w 

S 

03-98 

11 

w 

s 

03-97 

15 

w 

s 

03-97 

16 

E 

N 

03-93 

19 

E 

s 

03-99 

21 

E 

N 

03-99 

26 

W 

N 

03-96 

28 

w 

N 

03-96 

3 

w 

S 

03-97 

4 

w 

S 

03-99 

8 

w 

N 

04-08 

10 

E 

N 

03-95 

Mean 
Ai 


03-982 
-001 


Mean  R.A.     14  26  03-9S1 


5  Ursae  Minoris 
Dec.  76°  06' 


June  25 

W 

S 

14  27  42-26 

28 

E 

S 

42  17 

Mean 
A, 
Ai 


42-215 
•000 
•007 


Mean  R.A.     14  27  42-228 
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Date 


Mean  R.A. 
1910-0 


Date 


*-* 

a 

a 

> 

Cla 

Oi 
GQ 

o  I 

Mean  R.A. 
1910-0 


Date 


M 

a 

O 

a 

> 

a) 
ca 

o 

O 

Mean  R.A. 
1910-0 


B.J.  534 
Dec.  30°  46' 


cr  Bootis 
Dec.  30°  08' 


B.J.  540 
(continued) 


h  m  s 

W 

h  m  s 

May  5 

W 

S 

14  27  5713 

May 

6 

N 

14  30  45-71 

6 

W 

N 

57  07 

11 

W 

S 

45-69 

7 

W 

S 

57-11 

15 

w 

S 

45-70 

11 

W 

S 

57-06 

16 

E 

N 

45-76 

15 

w 

s 

57  04 

17 

E 

S 

45  70 

16 

E 

N 

57-01 

19 

E 

S 

45-70 

19 

E 

S 

57  07 

21 

E 

N 

45-72 

21 

E 

N 

57-11 

26 

W 

N 

45-74 

26 

W 

N 

57-05 

27 

W 

S 

45-73 

28 

W 

N 

57 -OS 

28 

W 

N 

45-72 

June  3 

w 

S 

57-05 

June 

3 

w 

S 

45-72 

4 

w 

s 

57-11 

4 

w 

s 

45-72 

8 

w 

N 

57-11 

8 

w 

N 

45-65 

9 

w 

S 

57  06 

9 

I 

S 

45-68 

10 

E 

N 

57  09 

10 

N 

45-69 

13 

E 

N 

57-07 

13 

E 

S 

45-73 

15 

E 

S 

57 -OS 

18 

W 

S 

45-69 

18 

W 

N 

57-09 

19 

W 

N 

45-69 

19 

W 

S 

57-09 

25 

W 

-  S 

45-68 

28 

E 

S 

45-72 

Mean 
Ai 

A2 


57-078 
•002 
■000 


Mean 
Ai 
A2 


45-707 
•004 
■000 


Mean  R.A.     14  27  57-OSO 


Mean  R.A.    14  30  45-711 


B.J.  535 
Dec.  38°  42' 


May  17 

E 

s 

14  28  27-24 

26 

W 

N 

27-30 

28 

W 

N 

27-25 

June  8 

w 

N 

27-30 

10 

E 

N 

27-26 

13 

E 

N 

27-27 

15 

E 

S 

27-24 

18 

W 

N 

27-35 

19 

w 

S 

27-25 

Mean 
A, 
A2 


27-273 
-•003 
-•001 


Mean  R.A.    14  28  27-269 


B.J.  540 
Dec.  44°  48' 


h  m  s 
Mean  14  35  29-263 
ii  -  -002 

A2  -  -001 

Mean  R.A.    14  35  29-260 


B.D.  SO-448 
Dec.  S0°  03' 


28 


w 

S 

14  36  05-55 

E 

s 

05-55 

Mean 
A2 


05-550 
■009 


Mean  R.A.    14  36  05-559 


B.J.  543 
Dec.  14°  07' 


May  6 

W 

N 

14  35  29-2S 

11 

w 

s 

29-28 

15 

w 

S 

29-25 

16 

E 

N 

29-27 

19 

E 

S 

29-17 

21 

E 

N 

29-30 

26 

W 

N 

29-21 

27 

W 

S 

29-28 

28 

W 

N 

29-27 

June  3 

W 

S 

29-29 

4 

W 

S 

29-25 

8 

W 

N 

29-34 

9 

W 

s 

29-25 

10 

E 

N 

29-26 

13 

E 

N 

29-21 

15 

E 

S 

29-25 

18 

W 

N 

29-32 

19 

W 

S 

29-25 

May  11 

W 

s 

14  36  51-07 

15 

W 

s 

51  05 

16 

E 

N 

"  5104 

19 

E 

s 

5104 

21 

E 

N 

51-07 

26 

W 

N 

51  05 

27 

w 

S 

5106 

28 

w 

N 

51-07 

June  3 

w 

S 

51-03 

4 

w 

S 

51-08 

8 

w 

N 

51-00 

9 

w 

S 

50-98 

10 

E 

N 

51  07 

13 

E 

N 

51-06 

15 

E 

S 

5104 

18 

W 

N 

51  03 

19 

w 

S 

51-02 

Mean 
Ai 
Aj 


51  045 
•000 
•000 


Mean  R.A.    14  36  51  045 


25a-29 
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Date 


c. 

S 
a 

O 


Mean  R.A. 
19100 


I  >ate 


Q. 

O 

6 

a 

o 

O 

cc 

O  : 

Moan  R.A. 
19100 


Date 


Mean  R.A. 
19100 


34  Bootis 
Dec.  26°  55' 


295  B.  Boot  is 
Dec.  38°  11' 


B.J.  549 
Dec.  59°  40' 


May  11 
15 
16 
19 
21 


26 ;  vv 

27  W 


28 

June  3 
4 
8 
9 
10 
13 
15 
18 
19 


h  m  s 
14  39  28 

28 
28- 
28 
28- 
28 
28 
28 
27 
28 
28 
28 
28 
28 
28 
28 
28 


Mean 
A2 


2S-04S 
•000 


Mean  R.A.     14  39  28-048 


c  Bootis 
Dec.  27°  27' 


May  11  VV 

15  VV 

16  E 
19  E 
21  E 

26  W 

27  W 

28  |  W 
June  3 

4 
8 
9 


VV 
W 

\Y  N 
W  S 
10  1  E  N 

13  !  E  1  N 
S 


15  E 

18  W 

19  W 


14  41  03-42 
03-41 
03-43 
03-43 
03-45 
03-33 
03-41 
03-43 
03-41 
03-41 
03-41 
03-37 
03-45 
03-45 
03-38 
03-38 
03-43 


Mean 

A, 

A; 


03-412 
•003 
■000 


May 


June 


VV 
VV 


E  N 
E  S 


E 
W 
VV 

w 
w 
w 
w 
w 

E 
E 
W 
W 

w 

E 


h  in 

14  45  34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 


Mean 
A2 


34-694 
•000 


Mean  R.A.    14  45  34-694 


£  Bootis 
Dec.  19°  28' 


May  11  VV 

15  i  W 

16  E 
19  !  E 
21  i  E 

26  W 

27  W 
2S  W 

June   3  W 

4 

8 

9 
10 
13 
15 
18 
19 


14  47  14-14 
14-03 
14-10 
14- 10 
14- 19 
14-16 
14 -OS 
14  12 
14-13 
1406 
14-17 
1409 
1409 
14-11 
14-09 
14-08 
14- 12 


Mean 


14-109 
•000 


May  16  E 
21  E 

26  W 

27 ;  W 

28  VV 
June    3  W 

4  |  W 
W 

vv 

E 

i: 

E 
W 
W 
E 
E 


10 
13 
15 
IS 
19 
28 
29 


14  49  09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 


Mean 
Ai 
A* 


09-229 
-•001 
-001 


Mean  R.A.     14  49  09-227 


B.J.  550 
Dec.  74°  31' 

June  25 

VY 

s 

14  50  57-35 

28 

E 

s 

57-37 

29 

E 

s 

57-37 

Mean 
A, 

A, 

57-363 
-003 
•Oil 

Mean  R.A.     14  50  57-371 


B.J.  551 
Dec.  14°  49' 


Mean  R.A.    14  41  03-415 


Mean  R.A.    14  47  14- 109 


May  15 

W 

s 

14  51  58-28 

19 

E 

s 

58-32 

27 

VV 

s 

58-31 

28 

VY 

N 

5S-30 

June  3 

VV 

s 

58-33 

8 

w 

N 

58-32 

9 

VV 

S 

58-30 

10 

E 

N 

58-29 

13 

E 

N 

58-28 
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Date 


Mean  R.A. 
19100 


B.J.  551 
(continued) 


h  m  s 

June  15 

E 

S 

14  51  58-27 

18 

W 

N 

5S-26 

19 

W 

S 

5S-32 

July  5 

E 

S 

58-32 

Date 


e  i 

—  X 


Mean  R.A 
1910-0 


B.J.  557 
Dec.  27°  18' 


Date 


Mean  R.A. 
1910-0 


B.J.  563 
Dec.  33°  39' 


Mean  58-300 

A,  --005 

A:  -001 

Mean  R.A.  14  51  58-296 


Groombridge  2184 
Dec.  78°  32' 


June  25 

W 

S 

14  55  09-59 

28 

E 

S 

09-58 

29 

E 

s 

09-44 

Mean 


09-537 
•016 


Mean  R.A.    14  55  09-553 


B.J.  555 
Dec.  40°  45' 


June 


July 


15 

W 

S 

14  58  33-33 

19 

E 

S 

33-32 

26 

W 

N 

33-30 

27 

W 

S 

33-31 

28 

W 

N 

33-29 

3 

W 

S 

33-31 

4 

W 

s 

33-35 

8 

W 

N 

33-28 

9 

W 

S 

33-33 

10 

E 

N 

33-39 

13 

E 

S 

33-37 

18 

W 

S 

33-35 

19 

W 

N 

33-31 

28 

E 

S 

33-33 

29 

E 

S 

33-33 

5 

E 

s 

33-37 

6 

E 

N 

33-3S 

Mean 
A, 
A. 


33-332 
•003 
•000 


Mean  R.A.    14  58  33-335 


May  15 
19 

28 

June  3 
4 
S 
10 
13 
15 
18 
19 
5 
6 


July 


w 

S  ! 

E 

s 

W 

N 

w 

s 

w 

s 

w 

N 

E 

N 

E 

N 

E 

S 

\Y 

N 

W 

S 

E 

S 

E 

N 

h  m  s 
15  00  35-34 
35-34 
35-39 
35-34 
35-40 
35-34 
35-35 
35-36 
35-36 
35-32 
35-35 
35-35 
35-37 


Mean 
A, 
As 

Mean  R.A. 


35-355 
•001 
•000 

15  00  35-356 


i  Bootis 
Dec.  48°  00' 


May  27 
June  9 


w  s 
w  s 


15  00  49-42 
49-46 


Mean 
At 


49-440 
-•001 


Mean  R.A.    15  00  49-439 


c  Bootis 
Dec.  25°  13' 


May  11 

I 

S 

15  03  20  S9 

15 

s 

20-S5 

19 

E 

s 

20-88 

27 

W 

s 

20-86 

June  3 

W 

s 

20-84 

4 

W 

s 

20-95 

8 

W 

N 

20-83 

9 

W 

s 

20-82 

10 

E 

N 

20-84 

Mean 
A, 

A, 


20-862 
-003 
■001 


Mean  R.A.    15  03  20-866 


May  15  1  W 

27  j  W 

28  I  W 
June  3 

4 
8 
9 


W 

w 

\Y 
W 


in  E 
13  E 


15 
18 
19 

25 
28 
29 

July  5 
6 
13 


h  m  s 
15  11  52-44 
52-43 
52-43 
52-45 
52-56 
52-39 
52-45 
52-46 
52-43 
52-45 
52-52 
52-45 
52-52 
52-46 
52-46 
52-45 
52-44 
52-50 


Mean 

Ai 
A, 


52-461 
•000 
•000 


MeanlR.A.    15  11152-461 


11  Ursae  Minoris 
Dec.  72°  09' 


June  25  \V 

28  |  E 
29 

July  11 
13 


15  17 


09-60 
09-65 
09-41 
09-83 
09-72 


Mean 
A, 


09-642 
•009 


Mean  R.A.    15  17  09-651 


i  Coronae  Borealis 
Dec.  30°  37' 


May  11  W 
15  \V 

27  |  W 

28  \V 


15  19  29-22 
29-17 
29-16 
2911 
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Date 


Mean  R.A 
1910- 0 


Date 


c. 

S 

rv 

Js 

cu 

■I. 

Mi  an  R.A 
19100 


Date 


c. 

§ 

O 


Mean  R.A. 
19100 


v  Coronae  Borealis 
(continued) 


June  3 
4 


W 
W 


8  W 

9  W 
13  E 
15  E 

18  W 

19  W 
29  E 

July    5  E 

11  |  E 

13  E 


h  m  8 
15  19  29- 16 
29-10 
29-14 
29-17 
29- 17 
29-15 
29-22 
29-17 
29-15 
29-17 
29-25 
29-18 


Mean 
A, 

A2 


29-16S 
•000 
•000 


Mean  R.A.     15  19  29-108 


B.J.  569 
Dec.  72°  09' 


June  25 

28 
29 

July  13 


15  20  51-78 
51-68 
51-66 
51 -8S 


Mean 
A, 

A, 


51-750 
•001 
•010 


Mean  R.A.     15  20  51-761 


B.J.  568 
Dec.  37°  42' 


May  11 
15 
27 

28  |  W 
June  3 
4 


W 
\Y 

8  I  W 

9  W 
10  E 
13  I  E 


15  21  05-44 
05-39 
05-37 
05-43 
05-46 
05-26 
05-39 
05-40 
05-38 
05-41 


B.J.  56S 
(continued) 


B.J.  572 
(continued) 


h  m  s 

June 

18 

W 

S 

15  21  05-39 

19 

W 

N 

05-44 

July 

5 

E 

S 

05-40 

6 

E 

N 

05-43 

Mean 
A, 
A, 


05-399 
•000 
•000 


Mean  R.A.    15  21  05-399 


B.J.  571 

Dec.  59°  17' 


June 


July 


27 

W 

S 

15  22  55-42 

28 

W 

N 

55-41 

3 

w 

S 

55-49 

4 

w 

S 

55-56 

8 

w 

N 

55-47 

9 

w 

S 

55-48 

10 

E 

N 

55-50 

13 

E 

S 

55-49 

18 

W 

s 

55-58 

19 

W 

N 

55-66 

25 

W 

S 

55-50 

28 

E 

s 

55-48 

29 

E 

s 

55-49 

5 

E 

s 

55-47 

6 

E 

N 

55-50 

11 

E 

N 

55-53 

13 

E 

N 

55-54 

.Mean 
A, 
Aj 


55-504 
-002 
•000 


Mean  R.A.    15  22  55-502 


B.J.  572 
Dec.  29°  25' 


May  11 
15 
27 

June  3 


\v 

s 

15  24  07-10 

W 

s 

07  06 

w 

8 

07- 11 

w 

S 

07  06 

June 


July 


h  m  s 

4 

W 

S 

15  24  07- 11 

9 

w 

s 

07  04 

10 

E 

N 

07  06 

13 

E 

N 

07-09 

15 

E 

S 

07-06 

18 

W 

N 

07  07 

19 

W 

S 

07  08 

5 

E 

s 

07 -OS 

6 

E 

N 

07  14 

Mean 
Aj 
A, 


07-OS2 
•003 
•001 


Mean  R.A.    15  24  07  086 


B.J.  573 


Dec. 

41° 

08' 

May 

11 

W 

s 

15  27  41 

76 

15 

W 

s 

41 

77 

27 

W 

s 

41 

74 

28 

W 

N 

41 

78 

June 

3 

W 

s 

41 

79 

4 

W 

s 

41 

74 

8 

W 

N 

41 

70 

9 

W 

s 

41 

75 

10 

E 

N 

41 

77 

13 

E 

N 

41 

83 

15 

E 

s 

41 

70 

18 

W 

N 

41 

79 

19 

W 

S 

41 

73 

25 

W 

S 

41 

75  r 

28 

E 

s  -1 

41 

71 

29 

E 

s 

41 

76 

July 

5 

E 

s 

41 

78  r 

6 

E 

N 

41 

78 

11 

K 

N 

41 

SOr 

13 

E 

N 

41 

75 

Mean 
A, 
Aj 


41-759 
-003 
•000 


Mean  R.A.     15  27  41-756 
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Date 


III) 

Cla 

G>  j 
X 

Mean  R.A. 
19100 


Date 


—  /. 


J3 

o 


Mean  R.A. 
1910  0 


Date 


Mean  R.A. 
1910-0 


v-  Bootis 
Dec.  41°  12' 


B.J.  578 
Dec.  27°  01' 


B.J.  580 
(continued) 


May  11 
15 
27 

28 

June  3 

4 

8 
9 


W 
W 

w 
w 
w 
w 
w 
w 

10  !  E 
13  E 
15  E 

18  W 

19  W 
25  W 


July 


29 
5 
6 
11 
13 


m  s 
28  33-67 
33-60 
33-55 
33-68 
33-64 
33-60 
33-69 
33-62 
33-73 
33-63 
33-60 
33-67 
33-62 
33-65 
33-63 
33-60 
33-63 
33-67 
33-64i 


June 


Mean 

An 


33-63S 
-000 


Mean  R.A.    15  28  33-638 


B.J.  576 
Dec.  31°  40' 


May  27 

W 

S 

15  29  17-96 

28 

W 

N 

1S-04 

June  3 

W 

S 

17-97 

10 

E 

N 

18-05 

13 

E 

S 

17-96 

18 

W 

S 

18  01 

19 

w 

N 

1801 

25 

w 

S 

18-00 

28 

E 

s 

17-99 

29 

E 

s 

18  01 

Julv  13 

E 

N 

1S06 

Mean 
Ai 
A2 


IS -005 
-•005 
•000 


Mean  R.A.    15  29  IS  000 


May  15 
19 
27 
28 
3 
4 
8 
9 
10 
13 
1.-, 
18 
19 
5 
6 
13 


July 


h  m  s 
15  30  52-69 
52-S0 
52-67 
52-61 
52-67 
52-58 
52-58 
52-62 
52-58 
52-65 
52-65 
52-63 
52-65 
52-64 
52-65 
52-64 


Mean 
A, 
A> 


52-644 
-•001 
•000 


Mean  R.A.    15  30  52-643 


June 

25 

W 

S 

15  34  03-88 

28 

E 

S 

03-88 

29 

E 

S 

03-98 

July 

11 

E 

N 

03-96 

13 

E 

N 

04  09 

6  Ursae  Minoris 
Dec.  77°  39' 


Mean 
As 


03-958 
•014 


Mean  R.A.    15  34  03-972 


B.J.  580 
Dec.  40°  39' 


May  15 
19 
27 
2S 


w 

s 

E 

s 

W 

s 

w 

N 

15  34  35-60 
35-59 
35-65 
35-62 


June  3 
4 
8 
9 


July 


W 

w 
w 
w 

10  I  E 

13  E 

18  W 

1!)  W 

5  E 

6  E 


h  m  s 
15  34  35-59 
35-64 
35-65 
35-69 
35-68 
35-63 
35-62 
35-56 
35-63 
35-62 


Mean 
Ai 
A2 


35-626 
•002 
•000 


Mean  R.A.    15  34  35-628 


s"  Coronae  Borealis 
Dec.  36°  56' 


June 


July 


15 

W 

S 

15  35  59-28 

19 

E 

S 

59-23 

27 

W 

s 

59-29 

28 

w 

N 

59-30 

3 

w 

S 

59-27 

4 

w 

s 

59-30 

8 

w 

N 

59-33 

9 

w 

S 

59-32 

10 

E 

N 

59-29 

13 

E 

N 

59-29 

15 

E 

S 

59-25 

18 

W 

N 

59-35 

19 

W 

S 

59-24 

5 

E 

s 

59-22 

6 

E 

N 

59-26 

13 

E 

N 

59-35 

Mean 
A, 
A2 


59-286 
-005 
■000 


Mean  R.A.    15  35  59-281 


•15-1 


DEPARTMENT  OF  THE  INTERIOR 

3  GEORGE  V.,  A.  1913 

LEDGERS  OF  MEAN  RIGHT  ASCENSION,  W10-0— Continued. 


Date 


Mean  R.A, 
1910-0 


Date 


Mean  R.A, 
19100 


Date 


a 
= 


Mean  R.A. 
19100 


i  Serpentis 
Dec.  19°  58' 


May  15  W 

19  E 

27  W 

28  W 
June    3  W 

4  W 

8  W 

9  W 
10  E 
13  E 
15  E 


18 
19 

July  5 
6 
11 
13 


h  m  s 
15  37  32-27 
32-28 
32-22 
32-31 
32-26 
32-31 
32-28 
32-25 
32-25 
32-32 
32-26 
32-30 
32-25 
32-28 
32  -28 
32-25 
32-25 


Mean 
Aa 


32-272 
•000 


Mean  R.A.     15  37  32-272 


B.J.  581 
Dec.  26°  35' 


May  19 
27 
28 

June  3 
4 


9 
10 
13 
15 
18 
19 
4 
6 
11 
13 


July 


15  38  57-75 
57-66 
57-76 
57-S0 
57-77 
57-82 
57-77 
57-77 
57-74 
57  -78 
57-75 
57-79 
57-80 
57-79 
57-79 
57-69 


Mean 
Ai 
A, 


57-764 
-•005 
•000 


Mean  R.A.    15  38  57-759 


B.J.  583 
Dec.  15°  42' 


May  19 
26 
27 
28 

June  3 
4 
8 
9 
10 
13 
15 
18 
19 
5 
6 
11 
13 


July 


h  m  s 
15  42  02  01 
01-99 
01-93 
01-94 
02  00 
01 -9S 
02  07 
02  01 
01-91 
01-97 

01-  99 

02-  00 
01-99 
02  01 

01-  97 

02-  01 r 
01 -9S 


Mean  01-9S6 

Ai  -002 

A2  -000 

Mean  R.A.  15  42  01-98S 


B.J.  584 
Dec.  1S°  25i 


May  19  E 

26  W 

27  W 


28 

June  3 
4 
8 
9 
10 
13 
15 
18 
19 
5 
6 
11 
13 


July 


15  44  41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 


30 
33 
33 
28 
26 
25 
25 
30 
•-'7 
2i  i 
_"j 

26 
29 
26  r 
23  r 
26 
21H 


Mean 
Ai 
A, 


41-268 
-002 
■000 


Mean  R.A.    15  44  41-266 


B.J.  590 


Dec. 

78°  04' 

li  in 

8 

June  25 

VV 

S 

15  47 

14-82 

28 

E 

S 

1-1-91 

29 

E 

s 

14-98 

July  11 

E 

N 

14-91 

13 

E 

N 

15-28 

Mean 
Ai 
Aj 

Mean  R.A. 


14-980 
■000 
•015 

15  47  14-995 


X  Herculis 
Dec.  42°  42' 


May 

19 

E 

S 

15  49  33 

78 

26 

W 

N 

33 

76 

27 

W 

S 

33 

83 

28 

W 

N 

33 

83 

June 

3 

W 

S 

33 

73 

4 

W 

S 

33 

72 

8 

w 

N 

33 

SO 

9 

w 

S 

33 

78 

10 

E 

N 

33 

73 

13 

E 

S 

33 

78 

18 

W 

S 

33 

76 

19 

w 

N 

33 

74 

25 

w 

S 

33 

76  r 

28 

E 

S 

33 

75 

E 

s 

33 

77r 

July 

1 

E 

s 

33 

74 

5 

E 

s 

33 

78 

6 

E 

N 

33 

76 

11 

E 

N 

33 

73 

13 

E 

N 

33 

77 

Mean 
A, 
Ai 


33-765 
•000 
•000 


Mean  R.A.     15  49  33-765 


B.J.  591 
Dec.  15°  57' 


May  19 

E 

s 

15  52  17-63 

26 

\Y 

N 

17-78 

27 

W 

S 

17-70 

28 

W 

N 

17-67 
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SESSIONAL  PAPER  No.  25a 


LEDGERS  OF  MEAN  RIGHT  ASCENSION,  mO-Q— Continued. 


Date 


a 

03 

3 


Mean  R.A. 
19100 


Date 


a 

> 

9 

03 

a> 

Da 

3 

.Q 

O 

Mean  R.A. 
1910-0 


Date 


a 
S 

03 

3 


Mean  R.A. 
1910-0 


B.J.  591 
(continued) 


B.J.  595 
Dec.  55°  00' 


B.J.  598 
Dec.  58°  4S' 


June 


July 


3 

W 

S 

4 

W 

S 

8 

W 

N 

9 

W 

S 

10 

E 

N 

13 

E 

N 

15 

E 

S 

18 

W 

N 

19 

W 

S 

4 

E 

S 

5 

E 

s 

6 

E 

N 

11 

E 

N 

13 

E 

N 

h  m  s 
15  52  17-67 
17-60 
17-73 
17-69 
17-69 
17-73 
17-70 
17-74 
17-75 
17-67 
17-72 
17-71 
17-73 
17-76 


Mean 
Ai 

A3 


17-704 
•000 
•000 


Mean  R.A.    15  52  17-704 


B.J.  593 
Dec.  27°  OS' 


May 

19 

E 

S 

15  53  51 

63 

26 

W 

N 

51 

71 

27 

w 

S 

51 

73 

28 

w 

N 

51 

71) 

June 

3 

w 

S 

51 

r,;i 

4 

w 

S 

51 

62 

8 

w 

N 

51 

67 

9 

w 

S 

51 

61 

10 

E 

N 

51 

67 

13 

E 

N 

51 

02 

15 

E 

S 

51 

r,j 

IS 

W 

N 

51 

;,s 

19 

w 

S 

51 

68 

July 

4 

E 

S 

51 

65 

5 

E 

S 

51 

67 

6 

E 

N 

51 

59 

11 

E 

N 

51 

59 

13 

E 

N 

51 

•68 

Mean 
Ai 
A: 


51-651 
-•003 
■000 


Mean  R.A.    15  53  51-648 


June 


July 


19 

E 

S 

h  m  s 
15  55  39-16 

May 

19 

E 

S 

li   ra  s 
16  00  11-95 

26 

W 

N 

39-14 

26 

W 

N 

12-01 

27 

W 

s 

39-19 

27 

w 

S 

12-05 

28 

w 

N 

39-23 

June 

3 

w 

s 

11-96 

3 

w 

S 

39-15 

4 

w 

s 

12-00 

4 

w 

s 

39-27 

8 

w 

N 

11-99 

8 

w 

N 

39-14 

9 

w 

s 

11-99 

9 

w 

S 

39-20 

10 

E 

N 

11-96 

10 

E 

N 

39-10 

13 

E 

N 

12-12 

13 

E 

S 

39-20 

15 

E 

S 

12-00 

18 

W 

s 

39-20 

18 

W 

N 

11-95 

19 

W 

N 

39-24 

19 

W 

S 

12-03 

25 

w 

S 

39-26 

25 

W 

S 

11-94 

2S 

E 

s 

39-17r 

28 

E 

s 

12-00 

29 

E 

s 

39-18 

29 

E 

s 

11-99 

4 

E 

s 

39-19 

July 

4 

E 

s 

11-98 

5 

E 

s 

39-14 

5 

E 

s 

11-97 

6 

E 

N 

39-21 

6 

E 

N 

11-99 

11 

E 

N 

39-18 

11 

E 

N 

11-94 

13 

E 

N 

39-19 

13 

E 

N 

11-89 

Mean  39-187 
Ai  --005 
A2  -001 
Mean  R.A.    15  55  39-1S3 


Mean 
Ai 
A2 


11-986 
•003 
•001 


Mean  R.A.    16  00  11-990 


r  Herculis 
Dec.  IS"  04' 


k  Herculis 
Dec.  17°  17' 


June 


July 


19 

E 

S 

15  57  11-61 

26 

W 

N 

11-63 

27 

W 

S 

11-61 

28 

W 

N 

11-65 

3 

W 

S 

11-66 

4 

w 

S 

11-61 

8 

w 

N 

11-70 

9 

w 

S 

11-64 

10 

E 

N 

11-69 

13 

E 

N 

11-69 

15 

E 

S 

11-60 

18 

W 

N 

11-57 

19 

W 

S 

11-67 

4 

E 

s 

11-62 

5 

E 

s 

11-66 

6 

E 

N 

11-59 

11 

E 

N 

11-57 

13 

E 

N 

11-73 

Mean 

11-639 

May  19 

E 

S 

16  04  00-74 

27 

W 

S 

00-77 

June  3 

W 

S 

00-74 

4 

W 

S 

00-74 

8 

w 

N 

00-77 

9 

w 

S 

00-73 

10 

E 

N 

00-73 

13 

E 

N 

00-73 

15 

E 

S 

00-78 

18 

W 

N 

00-6S 

19 

W 

S 

00-81 

July  4 

E 

S 

00-78 

5 

E 

s 

00-74 

6 

E 

N 

00-75 

13 

E 

N 

00-75 

A-. 

Mean  R.A. 


15  57  11 


000 

639 


Mean 
A, 

A2 


00-749 
•002 
•000 


Mean  R.A.    16  04  00-751 
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DEPARTMENT  OF  THE  INTERIOR 

3  CEORCE  V..  A.  191J 

LEDGERS  OF  MEAN  RIGHT  ASCENSION,  1910  0—  Continued. 


Date 


a 
6 


Mean  R.A. 
19100 


Date 


o. 
S 
3 

O 


Mean  R.A. 
19100 


Date 


D. 

g 

G 


Mean  R.A. 
19100 


t  Coronae  Boreal  is 


Dec. 

36°  43' 

h  m  s 

May  19 

E 

S 

16  05  40-82 

June  3 

W 

S 

40-76 

4 

W 

S 

40-78 

8 

W 

N 

40-75 

10 

E 

N 

40-73 

13 

E 

N 

40-78 

15 

E 

S 

40-76 

18 

W 

N 

40-77 

19 

W 

S 

40 -78 

July  6 

E 

N 

40-82 

13 

E 

N 

40 -S4 

Mean 

40-781 

B.J.  606 
Dec.  76°  06' 


B.J.  609 
Dec.  19°  22' 


A]  -000 
Mean  R.A.     16  05  40-781 


Mean  56-090 

A,  -002 

A,  -001 

Mean  R.A.  16  05  56  0S7 


tr-  Coronae  Borealis 
Dec.  34°  05' 


June 


July 


19 

E 

S 

16  11  18-55 

4 

W 

S 

IS -42 

9 

W 

S 

18-56 

13 

E 

N 

18-54 

15 

E 

S 

18-50 

18 

W 

N 

18-47 

19 

W 

S 

1S-51 

4 

E 

s 

18-46 

5 

E 

s 

18-49 

6 

E 

N 

18-50 

11 

E 

N 

18-53 

13 

E 

N 

18-50 

Mean 

18-503 

Ai 

-002 

A2 

•001 

June  25 

W 

S 

28 

E 

S 

29 

E 

S 

July  11 

E 

N 

13 

E 

N 

h  m  s 
16  13  22  -36 
22-39: 
22-50 
22-57 
22-37 


May  19 
June  4 


E 

S 

W 

s 

h   m  s 
16  17  56-92 
56-97 


Mean 
A, 

A2 

Mean  R.A.  16 


22-438 
-•004 
•013 
13  22-447 


Mean 
Ai 

A, 


56-945 
•004 
•002 


Mean  R.A.     16  17  56-951 


20  Ursae  Minoris 
Dec.  75°  26' 


£  Coronae  Borealis 
Dec.  31°  06' 


B.J.  601 

Dec. 

45° 

10' 

May  27 

W 

S 

16  05  56- 11 

June  9 

W 

S 

56-07 

July  13 

E 

N 

16  14  47-14 

A 

•012 

Mean  R.A.    16  14  47-152 

Groombridge  2337 
Dec.  73°  37' 

June  25 
28 
29 

W 

E 
E 

S 
S 
S 

16  16  01-61 
01-46 
01-47 

June  13 
15 
18 
19 

29 

July  4 
5 
6 
11 
13 


16  18  35-42 
35-43 
35-42 
35-41 
35-40 
35-38 
35-35 
35-31 
35-37 
35-37 


Mean 
A, 


35-3S6 
•001 


Mean  01-513 
A2  -011 
Mean  R.A.     16  16  01-524 


Mean  R.A.     16  18  35-3S7 


B.J.  608 
Dec.  46°  32' 


23  Herculis 
Dec.  32°  33' 


June 

9 

W 

S 

16  17  02-08 

May  111 

E 

S 

16  19  29 

11 

13 

E 

N 

02  03 

June  4 

W 

S 

29 

11 

15 

E 

S 

0211 

13 

E 

S 

29 

10 

IS 

W 

N 

0211 

18 

W 

s 

29 

19 

19 

W 

S 

02- 10 

19 

W 

N 

29 

25 

July 

4 

E 

s 

02  00 

July  4 

E 

s 

29 

li) 

5 

E 

s 

02  07 

5 

E 

s 

29 

13 

*6 

E 

N 

02  03 

6 

E 

N 

29 

18 

Mean  R.A.     16  11  1S-502 


Mean  02  066 

A,  -000 

A2  001 

Mean  R.A.  16  17  02  067 


Mean 
A] 


29  146 
•001 


Mean  R.A.    16  19  29- 147 
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Date 


Mean  R.A. 
19100 


Date 


°  8 


Mean  R.A, 
19100 


Date 


Mean  R.A. 
19100 


B.J.  612 


Dec. 

75° 

58' 

h  m  s 

June  25 

W 

S 

16  20  07-35r 

29 

E 

S 

07-33r 

July  11 

E 

N 

07 -3S 

13 

E 

N 

07-20i 

g  Herculis 
Dec.  42°  05' 


B.J.  621 
Dec.  42°  37' 


h  m  s 

h  m  s 

19 

E 

S 

16  25  41  04 

May  19 

E 

s 

16  31  1206 

4 

W 

S 

41-09 

26 

W 

N 

12-10 

13 

E 

N 

41  07 

27 

W 

S 

12-00 

15 

E 

S 

41  12 

June  13 

E 

s 

12  01 

18 

W 

N 

4111 

18 

W 

s 

1201 

19 

W 

S 

41-13 

19 

w 

N 

12-08 

25 

I 

s 

41-14 

July  4 

E 

s 

12  03 

28 

s 

41-16r 

5 

E 

s 

12  02 

29 

E 

s 

41  10 

6 

E 

N 

1201 

4 

E 
E 

s 

41  14 
41-11 

5 

s 

6 

E 

N 

41-07 

Mean 

12-036 

11 

E 

N 

41-11 

A, 

•003 

13 

E 

N 

4116r 

A, 

•001 

19 

E 

S 

41  13 

Mean  R.A 

.    16  31  12-040 

June 


Mean 
Ai 

A2 

Mean  R.A. 


07-315 
-003 
•009 

16  20  07-321 


July 


B.J.  613 


Dec.  14° 

14' 

May  19 

E 

S 

16  21  15-69 

June  4 

W 

S 

15-63 

13 

E 

N 

15-64 

15 

E 

S 

15-71 

19 

W 

S 

15-73 

July  4 

E 

s 

15-66 

5 

E 

s 

15-70 

6 

E 

N 

15-71 

Mean 
A2 


41112 
•002 


Mean  R.A.     16  25  41-114 


B.D.  72-734 
Dec.  72°  4S' 


B.J.  618 
Dec.  21°  41' 


Mean  15-6S4 

A,  -  -005 

A2  000 

Mean  R.A.  16  21  15-679 


July  6 


E  N 


16  26  21  01 


June  25 

W 

S 

16  32  50-56 

28 

E 

S 

50-50 

29 

E 

s 

50-53 

July  11 

E 

N 

50-67 

13 

E 

N 

50-58 

19 

E 

S 

50-61 

B.J.  614 
Dec.  55°  25' 


Ai 

Aj 


-003 
■002 


Mean 


50-575 
•Oil 


Mean  R.A.     16  26  21  011 


Mean  R.A.    16  32  50-586 


May  26 

W 

N 

16  22  27  13 

June  15 

E 

S 

27-04 

19 

W 

S 

27-10 

25 

W 

s. 

27-22i 

28 

E 

s 

27-09 

29 

E 

s 

27-13r 

July  4 

E 

s 

27-07 

5 

E 

s 

27-06 

6 

E 

N 

27-16 

11 

E 

N 

27-16r 

13 

E 

N 

27-06i 

19 

E 

S 

27-17 

Groombridge2372 

.Jec.  79°  09' 


B.J.  623 
Dec.  77°  38' 


June  25 

W 

S 

16  30  43  03 

28 

E 

S 

42-96i 

29 

E 

s 

42-90 

July  11 

E 

N 

43  14 

13 

E 

N 

42-92 

19 

E 

S 

43-07: 

June  25 

W 

S 

16  34  30  06 

July  11 

E 

N 

30  04 

13 

E 

N 

29-97 

19 

E 

S 

29-97 

Mean  27-116 

A,  --001 

A2  -003 

Mean  R.A.  16  22  27-118 


Mean 
A, 


43-003 
•019 


Mean 
A, 
A2 


30-010 
-•004 
•010 


Mean  R.A.    16  30  43  022 


Mean  R.A.     16  34  30  016 
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Date 


c 

I  5 


Mean  H.A. 
1910-0 


Date 


£  Mean  R.A. 
j§  |     1910  0 

O  i 


Date 


S  C 

3]  O 


o 


Moan  R.A. 
19100 


42  Herculis 
Dec.  49°  06' 


B.J.  026 
(continued) 


Groombridge  2391 
(continued) 


May  27  W 

June  is  W 

19  VV 

July    5  E 


h  in  s 
16  36  18-19 
1819 
18-32 
IS- 15 


Mian 

A, 
Aj 

Mean  R.A. 


h  in  s 

16  39  48-596 
•001 
•001 

16  39  48-598 


Mean 
Ai 


18-213 
-•001 


Mean  R.A.     16  36  18-212 


B.D.  79-511 
Dec.  79°  05' 


f  Herculis 
Dec.  31°  46' 


June  25  W 
2S  E 
29  E 


May  19 

E 

S 

16  37  53-65 

27 

W 

s 

53-61 

June  13 

E 

N 

53-63 

15 

E 

S 

53-63 

18 

W 

N 

53-60 

19 

W 

S 

53-66 

July  4 

E 

S 

53-60 

5 

E 

s 

53-57 

6 

E 

N 

53-58 

11 

E 

N 

53-59 

July  11 
13 
19 


16  42  58-75i 
58-92 
5S-87I 
58-SOr 
58-67 
58-80 


Mean 
Ai 

Mean  R.A. 


58-802 
■019 

16  42  58-821 


B.J.  627 
Dec.  56°  57' 


Mean 
Ai 
Ai 


53-612 
-001 
■001 


Mean  R.A.     16  37  53-612 


B.J.  626 
Dec.  39°  06' 


July 


19 

E 

S 

16  39  4S-53 

26 

W 

N 

48-56 

27 

W 

S 

48-62 

13 

E 

N 

48-61 

15 

E 

S 

48-64 

18 

W 

N 

48-59 

19 

W 

S 

is.  til 

25 

W 

s 

4S-63 

2S 

E 

s 

48-60 

29 

E 

s 

48-56 

4 

E 

s 

48-56 

5 

E 

s 

48-61 

6 

E 

N 

48-62 

11 

E 

N 

48-60 

13 

E 

N 

48-60 

19 

E 

S 

48-60 

May  19 
26 
27 

June  13 
18 
19 

July  4 
5 
6 
26 


16  43  35  10 
35  19 

35-23 
35-2S 
35-30 
35-37 
35-29 
35-24 
35- 19 
35-25 


Mean 
A, 
A: 


35-244 
•003 
•001 


Mean  R.A.    16  43  35-24S 


Groombridge  2391 
Dec.  77°  40' 


h  m  s 
Mean  16  47  05-690 
A2  -014 

Mean  R.A.    16  47  05-704 


B.  J.  629 
Dec.  15°  07' 


May  27 
June  13 
15 
19 

July  4 
5 
6 


W 
E 
E 
\\ 

E 
E 

26  W 


16  47  5S-93 
59- 11 
59  05 
58-95 
58-94 
58-97 
58-94 
58-93 


Mean 
A, 
A, 


5S-977 
-003 
•001 


Mean  R.A.     16  47  58-975 


53  Herculis 
Dec.  31°  51' 


May  26 
27 

June  13 
15 
18 
19 
29 

July  4 
5 
6 
11 
13 
16 
19 
26 


16  49  33-31 
33-27 
33-18 
33-24 
33-27 
33-25 
33- 18 
33-21 
33-21 
33- 16 
33-24 
33-27 
33- 19 
33-24 
33-21 


June  25 
29 

July  11 
19 


w 

E 
E 
E 


16  47  05-69 
05-63 
05-77 
05-67 


Mean 
A2 


33-229 
•001 


Mean  R.A.     16  49  33-230 
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Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


Date 


a 

3 


Mean  R.A. 
1910-0 


Groombridge  2411 
Dec.  73°  16' 


B.D. 75-612 
Dec.  75°  21' 


h  m  s 

June  25 

W 

S 

16  58  03-68 

28 

E 

S 

03-26 

29 

E 

s 

03-43 

July  11 

E 

N 

03-45 

13 

E 

N 

03  -3S 

19 

E 

S 

03-47 

Aug.  12 

W 

N 

03-67 

Mean 

A2 


03-477 
■007 


Mean  R.A.    16  58  03-4S4 


d  Herculis 
Dec.  33°  42' 


May  27 

W 

s 

16  5S  16-88 

June  4 

w 

s 

16  -9S 

July  4 

E 

s 

16-95 

5 

E 

s 

16-95 

6 

E 

N 

16-97 

16 

E 

S 

16-98 

26 

W 

S 

16-97 

Mean  16-954 

A,  -002 

A2  -002 

Mean  R.A.  16  58  16-958 


B..I.  635 
Dec.  12°  52' 


May  27 

W 

s 

17  01  12-26 

June  4 

W 

s 

12-25 

July  4 

E 

s 

12-32 

*  5 

E 

s 

12-21 

6 

E 

N 

12-21 

11 

E 

N 

12-23 

13 

E 

N 

12-19 

16 

E 

S 

12-27 

26 

W 

S 

12-22i 

Aug.  12 

W 

N 

12-23 

Mean 
Ai 
Aa 

Mean  R.A. 


12-239 
•003 
•000 

17  01  12-242 


July  11 

13 
19 


E 

n| 

E 

N 

E 

S 

W 

N 

h  m  s 
17  03  13-2S 
13-31 
13-16 
13-58 


Mean 
A2 


13-333 
•005 


Mean  R.A.    17  03  13-338 


Groombridge  2427 


Dec. 

75° 

25' 

June  25 

W 

S 

17  04  29-45 

28 

E 

S 

29 -3S 

29 

E 

S 

29-29 

July  13 

E 

N 

29-46 

19 

E 

S 

29-42 

Aug.  12 

W 

N 

29-61 

Mean 
Ai 


29-435 
•008 


Mean  R.A.     17  04  29-443 


B.J.  636 
Dec.  40°  38' 


May  27 

W 

S 

17  04  50-51 

June  4 

W 

S 

50-50 

July  5 

E 

s 

50-49 

6 

E 

N 

50-51 

16 

E 

S 

50-50 

26 

W 

S 

50-53 

Mean 
At 
A2 


50-507 
-•002 
•001 


Mean  R.A.    17  04  50-506 


B.J.  640 
Dec.  14°  30' 


h  m  s 

May  27 

W 

S 

17  10  32-66 

June  4 

w 

s 

32-62 

July  4 

E 

s 

32-65 

5 

E 

s 

32-59 

11 

E 

N 

32-59 

26 

W 

S 

32-55 

Aug.  12 

VV 

N 

32-56 

Mean 
Ai 
A2 

Mean  R.A.  17 


32-603 
•004 
•001 
10  32 -60S 


B.J.  643 
Dec.  36°  55' 


May  27 

W 

S 

17  11  54-74 

June  4 

W 

S 

54-73 

7 

w 

S 

54-66 

25 

w 

S 

54-60r 

28 

E 

S 

54-74 

29 

E 

S 

54-71 r 

July  4 

E 

s 

54-73 

5 

E 

s 

54-70 

11 

E 

N 

54-70 

13 

E 

N 

54-76 

16 

E 

S 

54-72 

19 

E 

s 

54-69 

26 

W 

s 

54-67 

Aug.  12 

W 

N 

54-69 

19 

E 

N 

54-70 

Mean 

54-703 

A 

-001 

A 

•001 

Mean 

R.A 

.    17  11  54-703 

Herculis 


Dec.  33° 

12' 

June  4 

W 

S 

17  13  60-06 

July  4 

E 

s 

60  03 

5 

E 

s 

59-97 

16 

E 

s 

60  01 

-26 

W 

s 

59-98 

Mean 
A2 

Mean  R.A. 


60  010 
•002 

17  14  00-012 
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c 

Date    I  I 
O 


Mean  R.A. 
19100 


Date 


5  £ 


Mean  R.A. 
19100 


Date 


a 

V 

s 

rv 

_« 

as 

U 

Mean  R.A. 
19100 


e  Herculis 
Dec.  37°  23' 


P  Herculis. 
(continued) 


Groombridge  2456 
(continued) 


May  27  W 

June  25  W 

28  E 

29  E 
July  11  E 

13  E 

19  E 


Aug.  12 
19 


m  s 
14  3400 
34  04 

33-  94  r| 

34-  00 
34  02 
34  04r 
33-9Sr 
34  02 
34  01 


Mean 
A2 


34-006 
■001 


Mean  R.A.     17  14  34  007 


w  Herculis 
Dec.  32°  35' 


May  27 

W 

S 

17  17  17 

44 

June  4 

W 

S 

17 

44 

7 

\v 

S 

17 

42 

25 

w 

S 

17 

51 

28 

E 

S 

17 

46 

29 

E 

S 

17 

43 

July  4 

E 

S 

17 

47 

5 

E 

S 

17 

44 

13 

E 

N 

17 

47 

16 

E 

S 

17 

A:\ 

19 

E 

s 

17 

45 

26 

W 

s 

17 

45 

Aug.  12 

W 

N 

17 

47 

19 

E 

N 

17 

44 

Mean 
A, 
A3 


•451 
•004 
•001 


Mean  R.A.     17  17  17-44S 


P  Herculis 
Dec.  37°  14' 


May  27 
June  4 
7 
25 


w 

s 

w 

s 

w 

s 

w 

s 

17  20  34-63 
34-68 
34-58 
34-69 


h  m  s 

June  28 

E 

S 

17  20  34-60 

29 

1 

s 

34-62 

July  4 

s 

34-62 

5 

E 

s 

34-60 

11 

E 

N 

34-76 

13 

E 

N 

34-64 

16 

E 

S 

34-63 

19 

E 

s 

34-63 

26 

W 

s 

34-60 

Aug.  12 

w 

N 

34-64 

19 

E 

N 

34-65r 

h  m  8 

July 

11 

E 

N 

17  26  25-41 

13 

E 

N 

25-57 

19 

E 

1 

25-45 

Aug. 

7 

\V 

25-41 

12 

W 

N 

25-66 

19 

E 

N 

25-69 

Mean 
A, 

Mean  R.A.    17  26  25 


25-487 
■010 

497 


Mean 

A; 


34-638 
•001 


X  Herculis 
Dec.  26°  11' 


Mean  R.A.    17  20  34-639 


B.J.  650 


Dec. 

48°  20' 

May  27 

W 

S 

17  24  21  11 

June  25 

W 

S 

21-03 

28 

E 

s 

20-96 

29 

E 

s 

2100r 

Julv  4 

E 

s 

2106 

5 

E 

s 

20-97 

11 

E 

N 

20-95 

13 

E 

N 

21  02 

16 

E 

s 

20-99 

19 

E 

s 

21-00r 

26 

W 

s 

21-05 

Aug.  7 

W 

s 

21-07i 

12 

w 

N 

21  OS 

19 

E 

N 

2109 

Mav  27 
July  4 
5 
16 
26 


w 

17  27  06  04 

E 

S 

06-02 

E 

s 

06  01 

E 

s 

06  06 

W 

s 

06  01 

Mean  06  028 

Ai  004 

As  -002 

Mean  R.A.  17  27  06  034 


B.J.  653 
Dec.  52°  22' 


Mean 
A, 
Aj 


21-027 
■003 
•002 


Mean  R.A.     17  24  21  032 


Groombridge  2456 
Dec.  80°  13' 


May  27 

W 

S 

17  28  23-83 

June  7 

W 

S 

23-84 

25 

w 

s 

23-92 

28 

E 

s 

24  02 

29 

E 

s 

23-83 

July  4 

E 

s 

23-90 

5 

E 

s 

23 -so 

16 

E 

s 

23-85 

19 

E 

s 

23-88 

26 

W 

s 

23-84 

Aug.  7 

w 

s 

23-81 

12 

w 

N 

23-87 

19 

E 

N 

23-94 

June  25 

28 
29 


\Y 

s 

E 

S 

E 

S 

17  26  25-41 
25-41 
25-37 


Mean 
Ai 
A, 

Mean  R.A.  Vt 


23-872 
-002 
•002 

28  23-872 
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Date 

a 
= 
- 

5 

u  1 

> 
t-i 

£> 

CO 

— 

Mean  R.A. 
1910  0 

Date 

o. 
E 

s 

> 

O 

CO 

o 

Mean  R.A. 
19100 

Date 

Clamp 

> 
I— 

0 
CO 

o 

Mean  R.A. 
19100 

B.J.  655 
Dec.  55°  15' 

B.J.  663 
(continued) 

B.J.  670 
Dec.  72°  12' 

June  25 

28 
29 

July  19 
Aug.  7 
12 

w 

E 
E 
E 
W 
VV 

S 

s 
s 
s 
s 

N 

h  m  s 
17  30  24  11 
24-12 
24  09 
24-13 
24-12 
24  07 

July  4 
5 
13 
16 
19 
26 

Aug.  7 
.  12 
19 

E 
E 
E 
E 
E 
W 
VV 
W 
E 

s 
s 

N 

s 
s 
s 
s 

N 
N 

h  m  s 
17  36  55-37 
55-36 
55-48 
55-46 
55-39 
55-41 
55-37 
55-40 
55-42 

July  13 
19 

Aug.  7 
12 
19 

E 
E 
VV 
VV 
E 

N 
S 

s 

N 
N 

am  s 
17  43  32-30 
32-15 
32  19 
32-23 
32-17 

Mean  32-208 
Ai  004 
A2  -002 

Mean  R.A.     17  43  32-214 

Mean           24- 107 
A,  -005 
A2  -002 

"    MeanR.A.    17  30  24  104 

Mean  55-400 
A,  -004 
Aj  -002 

Mean  R.A.    17  36  55-398 

87  Herculis 
Dec.  25°  39' 

B.J.  657 
Dec.  55°  14' 

June  7 
July  4 
5 
13 
16 
26 

Aug.  S 
12 
19 

W 
E 
E 
E 
E 
VV 

w 
w 

E 

S 
S 

s 

N 
S 

s 

N 
N 
N 

17  45  10  14 
10- 19 
1014r 
10-24 
1016 
10-15r 
1013 
10- 15 
10- 17 

B.D.  72-800 
Dec.  72°  30' 

Aug.  19 

E 

N 

17  30  29  -500 

A,  -002 
A,  -002 

Mean  R.A.    17  30  29-500 

Julv  13 
19 

Aug.  7 
12 
19 

E 
E 
VV 

vv 

E 

N 
S 
S 
N 
N 

17  38  51-00 
50-89 
50-84r 

50-  99 

51-  20 

B.J.  656 
Dec.  12°  37' 

Mean           10- 163 
A2  000 

R.A.    17  45  10- 163 

Mean  50-984 
Aj  -002 

MeanR.A.     17  38  50-986 

Mean 

Julv  5 
16 

26 

E 
E 
W 

s 
s 
s 

17  30  45-35r 
45-40 
45-39 

z  Herculis 
Dec.  48°  25' 

Me 
A 
A 

in  45-3S0 
-004 

!  -002 

B.J.  667 
Dec.  27°  46' 

June  7 
July  4 
5 

VV 
E 
E 
E 
E 
1  E 
W 

w 

VV 
VV 
E 

s 
s 
s 

N 

s 
s 
s 
s 

N 
N 
N 

17  47  42  01 
42  02 
41-97 
41-99 
41-99 
41-99 
42  01 
41-99 
42  09 
42  01 
41-95 

Mean  R.A.    17  30  45-378 

June  7 
July  4 

W 
E 
E 
E 
VV 

s 

S 

s 

s 
s 

17  42  56-11 
56  14 
56-13 
56-llr 
56-14 

13 
16 
19 

26 

Aug.  7 
8 
12 
19 

B.J.  663 
Dec.  46°  03' 

5 
16 
26 

May  27 
June  7 

25 
28 
29 

W 
VV 
VV 
E 
E 

S 

s 
s 
s 
s 

17  36  55  -30 
55-46 
55-38i 
55-39i 
55-41 

Mean  56-126 
Ai  -001 
A2  -002 

Mean  R.A.    17  42  56- 127 

Mean  42-002 
A2  -001 

MeanR.A.    17  47  42-003 
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Date 


Mean  R.A. 
19100 


168  H1.  Herculis 


Dec.  40° 

00' 

h 

m  s 

June 

7 

W 

S 

17  49  08 -9S 

July 

4 

E 

S 

OS -91 

5 

E 

S  V 

OS -92 

13 

E 

N 

OS -97 

16 

E 

S 

OS -96 

19 

E 

s 

OS- 96 

26 

W 

s 

0S-S9 

Aug. 

7 

w 

s 

08-94 

8 

w 

N 

OS.  90 

12 

w 

N 

09  00 

19 

E 

N 

0S-9S 

Mean 
As 


08-952 
•001 


Mean  R.A.    17  49  OS- 953 


89  Herculis 
Dec.  26°  04' 


July 


4 

E 

S 

17  51  47-29 

5 

E 

S 

47-27 

13 

E 

N 

47-34 

16 

E 

S 

47-33 

26 

W 

S 

47-31 

8 

w 

N 

47-23 

12 

W 

N 

47-28 

19 

E 

N 

47-27 

Mean 
Ai 
A, 


47-290 
-004 
•000 


Mean  R.A.    17  51  47-2S6 


B.J.  671 
Dec.  56°  53' 


June    7    W     S    17  515S-270 


A> 


•003 
-•003 


Mean  R.A.    17  51  58-270 


Date 


Mean  R.A. 
19100 


B.J.  672 
Dec.  37°  16' 


h  m  s 

June 

7 

W 

S 

17  53  09  97 

July 

4 

E 

S 

09-93 

5 

E 

S 

09-95 

13 

E 

N 

09-93 

16 

E 

S 

09-96 

26 

W 

S 

09-9S 

Mean 
A, 
A, 

Mean  R.A. 


09-953 
•001 
•002 

17  53  09-956 


B.J.  675 
Dec.  76°  59' 


July  19 

E 

S 

17  53  2S-49 

Aug.  7 

s 

S 

28-69 

12 

N 

28-52 

19 

E 

N 

2S-63 

Mean 
A, 
A, 

Mean  R.A.      17  53  28-5S3 


2S-583 
•000 
•000 


B.J.  674 

Dec.  29°  15' 

July  5 

E 

S 

17  54  16  000 

A, 
Aj 

Mean  R.A. 


-005 
■003 

17  54  15-99S 


B.J.  676 
Dec.  51°  30' 


June 
July 


7 

W 

s 

17  54  30-92 

4 

E 

s 

30-90 

26. 

W 

s 

30-87 

Mean 
A, 
A, 


30-897 
-003 
•002 


Mean  R.A.    17  54  30-896 


Date 


Mean  R.A. 
19100 


B.D.  78-616 
Dec.  7S°  19' 


July  19 
Aug.  7 


E 

S 

W 

s 

w 

N 

w 

N 

E 

N 

h  m  s 
17  55  14-44 
14-64 
14-85 
14-74 
14-53 


Mean 
A, 


14-640 
-006 


Mean  R.A.     17  55  14-634 


^'  Draconis 
Dec.  72°  01' 


July  19 
Aug.  7 
8 
19 
29 


E 

S 

17  56  44-61 

\Y 

S 

44-58 

W 

N 

44-71 

E 

N 

44-55 

E 

N 

44-65 

Mean 
At 


44-620 
•002 


Mean  R.A.     17  56  44-622 


B.J.  CM 


Dec. 

2S°  45' 

July  5 

E 

S  18  04 

Ol 

90 

16 

E 

i  ! 

01 

87 

26 

W 

s 

Ol 

S9 

Aug.  19 

E 

N 

01 

ss 

26 

E 

N  | 

01 

91 

29 

E 

N| 

01 

88 

Mean 
A, 
As 


01-888 
•001 
•000 


Mean  R.A.    18  04  01-889 
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Date 


Mean  R.A. 
1910-0 


Date 


h 

c. 

a 

> 
t-i 

a 

o  . 

O 

X 

.Mean  R.A. 
1910-0 


Date 


(J 

1910-0 


40  Draconis 
Dec.  79°  59' 


446  B.  Herculis 
(continued) 


B.J.  693 
Dec.  71°  17' 


h  m  s 

July  19 

E 

S 

IS  06  46-72 

28 

W 

N 

47  00 

Aug.  7 

W 

S 

46-92 

8 

W 

N 

46-71 

12 

W 

N 

46-85 

19 

E 

N 

47-05 

26 

E 

N 

47  04 

29 

E 

N 

46-84 

Mean 

A2 


h  m  s 
18  18  23-475 
•000 


Mean  R.A.     IS  IS  23-475 


B.J.  690 


Mean 
At 


46S91 
-004 


Mean  R.A.    18  06  46-SS7 


B.J.  684 
Dec.  42°  OS' 


June 

7 

W 

S 

18  12  50 

80 

July 

16 

E 

S 

50 

7  s 

19 

E 

s 

50 

85 

26 

W 

s 

50 

78 

28 

vv 

N 

50 

75 

Aug. 

2 

w 

s 

50 

79 

7 

w 

s 

50 

78 

S 

w 

N 

50 

76 

12 

w 

N 

50 

79 

19 

E 

N 

50 

71 

26 

E 

N 

50 

89 

29 

E 

N 

50 

76 

Dec. 

21° 

44' 

June  7 

VV 

S 

18  19  51 

July  16 

E 

s 

51 

74 

26 

W 

s 

51 

7.5 

28 

w 

N 

51 

76 

Aug.  2 

w 

S 

51 

76  r 

8 

w 

N 

51 

72 

12 

w 

N 

51 

73 

19 

E 

N 

51 

76 

20 

E 

S 

51 

77 

26 

E 

N 

51 

77 

29 

E 

N 

51 

7S 

Mean 
Ai 
A2 


51-754 
•003 
•000 


Mean  R.A.    IS  19  51-757 


Mean 
Ai 
A. 


50-787 
-004 
•000 


p  Lyrae 
Dec.  39°  27' 


Mean  R.A.     IS  12  50-783 


446  B. Herculis 
Dec.  23°  14' 


June 

7 

W 

S 

18  18  23-49 

July 

16 

E 

S 

23-46 

26 

W 

s 

23-49 

28 

w 

N 

23-43 

Aug. 

2 

w 

s 

23-44 

8 

w 

N 

23-44 

12 

w 

N 

23-52 

19 

E 

N 

23-46 

26 

E 

N 

23-55 

29 

E 

N 

23-47 

June  7 

W 

S 

18  21  15-87 

July  16 

E 

S 

15-84 

26 

W 

s 

15-88r 

Aug.  2 

8 

W 

s 

15-94 

w 

N 

15-83 

19 

E 

N 

15-91 

20 

E 

S 

15-93 

26 

E 

N 

15-94 

29 

E 

N 

15-92 

Mean 
A2 


15S96 
•000 


Mean  R.A.    IS  21  15  896 


July  19 
Aug.  29 
Sept. 


E 

S 

N 

1* 

S 

h  m  s 
18  22  0306 
02-93 
02-95 


Mean 
Ai 
A2 


02-980 
-001 
•015 


Mean  R.A.    18  22  02-994 


B.J.  694 
Dec.  5S°  45' 


June  7 

W 

S 

18  22  35-74 

July  16 

E 

s 

35-65 

26 

W 

s 

35-80 

28 

W 

N 

35-90 

Aug.  8 

W 

N 

35-71 

20 

E 

S 

35-76 

26 

E 

N 

35-73 

Mean 
Ai 

A: 


35 • 756 
-004 
•000 


Mean  R.A.    IS  22  35-752 


B.J.  695 
Dec.  72°  42' 


Aug.  7 

W 

S 

IS  22  40-81 

12 

W 

N 

40-82 

19 

E 

N 

40-96 

29 

E 

N 

40-68 

Mean 
A, 

A. 


40S18 
-004 
-003 


Mean  R.A.    18  22  40  S11 
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Date 


a 
- 
3 
O 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


B.J.  699 


Dec.  38°  42' 

1) 

m  s 

June 

7 

W 

S 

18  33  53-47 

July 

16 

E 

S 

53-42r 

26 

W 

S 

53-45 

28 

W 

N 

53-47 

Aug. 

2 

W 

S 

53-45r 

12 

W 

N 

53-47 

19 

E 

N 

53-47 

20 

E 

S 

53-45r 

26 

E 

N 

53-46 

29 

E 

N 

53-45r 

111  Herculis 
Dec.  18°  05' 


B.J.  705 
Dec.  33°  15' 


Mean  53-456 

Ai  -004 

A2  -000 

Mean  R.A.  18  33  53-460 


B.J.  700 
Dec.  77°  29' 


July  19 
Aug.  7 
8 
11 

Sept.  1 


E 

s 

18  34  06-02 

W 

s 

06  05 

w 

N 

06-28 

w 

S 

0617 

E 

s 

06- 13 

Mean 
A, 
A2 


06- 130 
•004 
■000 


Mean  R.A.     18  34  06  134 


B.J.  703 
Dec.  20°  28' 


July  16 
26 
30 

Aug.  2 

8 
12 
20 
26 
29 

Sept.  2 


18  41  47-27 
47-28 
47-35 
47-29 
47-25 
47-32 
47-28 
47-31 
47-29 
47-27 


Mean 
A, 
A, 


47-291 
•002 
•000 


Mean  R.A.    18  41  47-293 


h  m  s 

July  16 

E 

S 

18  43  02-77 

26 

W 

S 

02-79 

28 

VV 

N 

02-75 

30 

W 

N 

02-84 

Aug.  2 

W 

S 

02-79 

12 

w 

N 

02-76 

19 

E 

N 

02-79 

20 

E 

S 

02-77 

26 

E 

N 

02-84 

29 

E 

N 

02-81 

Sept.  2 

E 

N 

02-75 

Mean 

A. 

Mean  R.A. 


02-787 
•000 

18  43  02-787 


Bradley  2382 
Dec.  70°  42' 


July  19 
Aug.  7 
8 
11 
12 
19 
29 

Sept.  1 
2 


18  44  11-64 
11-67 
11-64 


11-7 

ll-7i 

11  -9' 

11-70 

11-63 

11-70 


Mean  11-719 
A2  -001 

Mean  R.A.     18  44  11-720 


204  B.  Draconis 
Dec.  52°  53' 


July  16 

26 
28 


E 
W 
W 
30  !  W 


Aug.  2 
20 
26 


18  44  42-33 
42-38 
42-42 
42-47 
42-39 
42-39 
42-33 


Mean 

At 

Mean  R.A.    18  44  42-387 


42-387 
•000 


July 

16 

E 

19 

E 

26 

W 

2S 

W 

Aug. 

2 

W 

8 

W 

11 

w 

12 

w 

19 

E 

20 

E 

26 

E 

29 

E 

Sept 

1 

E 

2 

E 

h  m  s 
18  46  45-42 
45-40 
45-39 
45-37 
45-42 
45-40 
45-38 
45-48 
45-44 
45-32 
45-38 
45-36 
45-40 
45-40 


Mean 
A, 
At 


45-397 
■000 
•000 


Mean  R.A.    18  46  45-397 


Groombridge  2719 
Dec.  73°  59' 


July  19 

E 

S 

18  48  01 

57 

Aug.  7 

W 

S 

01 

66 

8 

w 

N 

01 

66 

11 

w 

S 

01 

62 

12 

w 

N 

01 

4S 

19 

E 

N 

01 

61 

29 

E 

N 

01 

60 

Sept.  1 

E 

S 

01 

43 

2 

E 

N 

01 

69 

Mean 
At 


01-591 
■001 


Mean  R.A.     18  48  01-592 


50  Draconis 
Dec.  75°  20' 


July  19 
Aug.  7 
8 
11 
19 


E 

S 

18  49  16-89 

W 

s 

16-90 

W 

N 

17  10 

w 

S 

1706 

E 

N 

16-86 
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Date 


Mean  R.A 
1910-0 


Date 


t;    Mean  R.A. 
jg  19100 
O 


Date 


£    Mean  R.A. 
j§  1910-0 
O 


50  Draconis 
(continued) 


Aug.  29 
Sept.  1 

2 
9 


E 
E 

E  !  N 
E  X 


h  m  s 
N  IS  49  1702 
S  16  -S9 

17  07 
17-20 


Mean 

A! 

A, 


16-999 
-002 
•005 


Mean  R.A.     IS  49  17-002 


B.J.  707 
Dec.  59°  17' 


July  16 

E 

S 

18  49  52-36 

26 

W 

s 

52-48 

28 

W 

N 

52-38 

30 

W 

N 

52-49 

Aug.  2 

W 

S 

52-51 

20 

E 

s 

52-34 

26 

E 

N 

52-31 

Mean 
A, 
A, 


52-410 
■000 
•000 


Mean  R.A.     IS  49  52-410 


B.D.  79-604 


Dec.  79"  50' 

July 

19 

E 

S 

18  51  59-91 

Aug. 

7 

W 

s 

59-89 

8 

W 

N 

60-25 

12 

w 

N 

60-14 

Sept. 

1 

E 

S 

59-93 

2 

E 

N 

60-12 

Mean 
A, 


60  040 
•000 


Mean  R.A.    18  52  00-040 


B.J.  711 
Dec.  43°  50' 


B.J.  716 
Dec.  13°  44' 


July  16  E 

26  \V 

28  W 

30  W 

Aug.  2 
19 


W 

E 


20  E 
26  E 
29  E 


h  m 
18  52 


35- 
35- 
35-79 
35-72 
35- 
35-79 
35-79 
35-71 
35-75 


Mean  35-762 

Ai  -002 

M  -000 

Mean  R.A.  18  52  35-764 


B.J.  714 
Dec.  71°  11' 


Aug.  8 

W 

N 

18  55  30-22 

12 

W 

N 

29-99 

Sept.  1 

E 

S 

30- 19 

2 

E 

N 

30-27 

9 

E 

N 

30-31 

Mean 
A, 

A, 

Mean  R.A. 


30-196 
-001 
•000 

18  55  30- 195 


B.J.  713 
Dec.  32°  34' 


July  16 

E 

S 

18  55  34-62 

26 

W 

S 

34-65 

28 

W 

N 

34-56 

30 

W 

N 

34-61 

Aug.  19 

E 

N 

34-73 

20 

E 

S 

34-61 

26 

E 

N 

34-61 

29 

E 

N 

34-60 

Mean 
A, 
A2 


34-624 
-003 
•000 


Mean  R.A.    18  55  34-621 


June    7  W 


h  m  s 
S    19  01  16-400 


Ai 
A2 


•002 
•003 


Mean  R.A.    19  01  16-405 


B.J.  719 
Dec.  35°  58' 


June 


Aug. 


7 

W 

S 

19  04  05-38 

16 

E 

S 

05-38 

19 

E 

S 

05-37 

26 

W 

S 

05-38 

2s 

W 

N 

05-33 

30 

W 

N 

05-42 

2 

W 

S 

05-35 

7 

W 

S 

05-33 

8 

W 

N 

05-37 

11 

W 

S 

05-36 

12 

W 

N 

05-37 

19 

E 

N 

05-36 

20 

E 

S 

05-41 

26 

E 

N 

05-40 

29 

E 

N 

05-38 

1 

E 

S 

05-41 

2 

E 

N 

05-31 

9 

E 

N 

05-39 

Mean 
Ai 
A, 


05-372 
•003 
•000 


Mean  R.A.    19  04  05-375 


19  Lyrae 
Dec.  31°  08' 


Julv  16 

E 

S 

19  08  18-82 

26 

W 

S 

18-91 

Aug.  20 

E 

s 

18-91r 

26 

E 

N 

18-84 

Mean 
A2 


18-870 
•001 


Mean  R.A.    19  08  18-871 


25a-30 
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u 

a 

Date 

2 

> 

kt 

V 

Mean  R.A. 

o 

19100 

21  B.Vulpeculae 

(continued) 

h  m  B 

Aug. 

2 

W 

s 

19  21  42-21 

8 

W 

N 

42-22 

12 

w 

N 

•12-27 

20 

E 

S 

■VI  ■  2s 

20 

E 

N 

42-30 

•_".) 

E 

N 

42-31 

Sept. 

2 

E 

N 

42-27 

9 

E 

N 

42-32 

13 

E 

S 

42-30 

14 

E 

N 

42-31 r 

10 

W 

N 

42-29r 

26 

W 

N 

42-29 

30 

W 

N 

42-29r 

Mean 

42-282 

A: 

-001 

Mean  R.A 

.    19  21 

42-281 

4  Cygni 

Dec.  36° 

08' 

June 

7 

W 

S 

19  22  54-59 

July 

16 

E 

S 

54-57 

26 

W 

S 

54-62 

28 

w 

N 

54-64 

30 

w 

N 

54-66 

Aug. 

2 

w 

S 

54-60 

7 

w 

S 

54-61 

8 

w 

N 

54-58 

11 

w 

S 

54-62 

12 

w 

N 

54-62 

20 

E 

S 

54-61 

26 

E 

N 

54-60 

29 

E 

N 

54-63 

Sept 

.  1 

E 

S 

54-62 

2 

E 

N 

54-61 

9 

E 

N 

54-66 

13 

E 

S 

54-64 

14 

E 

N 

54-64 

10 

W 

N 

54-62 

26 

W 

N 

54-62 

30 

W 

N 

54-64 

Mean 

54-619 

i 

Aj 

•000 

Mean  R.A.    19  22  54-619 

Date 


Mean  R.A. 
19100 


B.J.  725 
Dec.  11°  26' 


July  16 
26 

Aug.  19 
20 
26 


h  m  8 

E 

S 

19  13  35-51 

W 

S 

35-51 

E 

N 

35-48 

E 

S 

35-50 

E 

N 

35-42 

Mean 

A, 


35-484 
•000 
•000 


Mean  R.A.     19  13  35-484 


B.J.  726 
Dec.  53°  12' 


July  16 

E 

S 

19  15  01-29 

26 

W 

S 

01-39 

28 

W 

N 

01-30 

Aug.  8 

w 

N 

ni  -  in 

12 

w 

N 

01-33 

19 

E 

N 

01-37 

20 

E 

S 

01-34 

26 

E 

N 

01-27 

29 

E 

N 

01-29 

Sept.  1 

E 

S 

01-35 

2 

E 

N 

01-44 

9 

E 

N 

01-47 

16 

VV 

N 

01 -3S 

Mean 
A, 
A2 


01-300 
•004 
■000 


Mean  R.A.     19  15  01-304 


159  B.Lyrae 
Dec.  40°  12' 


June  7 

W 

S 

19  15  57-60 

July  16 

E 

S 

57-53 

26 

VV 

S 

57-53 

Aug.  20 

E 

S 

57-60 

Mean 
A2 


57-565 
•002 


Mean  R.A.    19  15  57-567 


1. 

m  s 

Aug. 

7 

W 

s 

19 

17  17-43 

8 

W 

N 

17-46 

11 

w 

S 

17-45 

12 

w 

N 

17-42 

19 

E 

N 

17-32 

29 

E 

N 

17-31 

Sept 

1 

E 

S 

17-30 

9 

E 

N 

17-43 

I  >ate 


c. 

a 

5 


Mean  R.A. 
1910-0 


H.J.  729 
Dec.  73°  11' 


Mean  17-390 

A,  -002 

A2  -001 

Mean  R.A.  19  17  17-391 


b  Aquilae 
Dec.  11°  45' 


June 


Aug. 


7 

W 

s 

19  20  40-71 

16 

E 

s 

40-69 

26 

W 

s 

40-70 

30 

W 

N 

40-67 

2 

W 

s 

40-61 

12 

w 

N 

40-71 

19 

E 

N 

40-69 

26 

E 

N 

40-73 

29 

E 

N 

40-75 

2 

E 

N 

40-70 

9 

E 

N 

40-70 

13 

E 

S 

40-76 

14 

E 

N 

40-79 

16 

W 

N 

40-67 

26 

W 

N 

40-74 

30 

w 

N 

40-73 

Mean 
Ai 
A, 


40-709 
•000 
-001 


Mean  R.A.    19  20  40-70S 


21  B.Vulpeculae 
Dec.  24°  45' 


June  7  W 
July  16  E 
26 

28 
30 


\Y 

W 

w 


19  21  42-25 
42-26 
42-31 
42-31 
42-2S 
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Date 


O 


Mean  R.A. 
19100 


Date 


O 


£    Mean  R.A. 
J  19100 
O 


Date 


-• 

Chun, 

serv< 

o 

Mean  R.A. 
1910  0 


B.D.  76- 
Dec.  76° 


734 
23' 


B.J.  732 
(continued) 


h   m  s 

h  m  s 

Aug. 

7 

W 

S 

19  24  46-35 

Sept.  2 

8 

E 

N 

19  27  05-54 

8 

w 

N 

46-27 

E 

S 

05-50 

11 

w 

S 

46-31 

14 

E 

N 

05-56 

12 

w 

N 

46-26 

19 

W 

N 

05-46 

29 

E 

N 

46-25 

26 

W 

N 

05-49 

Sept. 

1 

E 

46-16 

9 

E 

N 

46-24 

13 

E 

S 

46-18 

Mean 

05-515 

17 

W 

S 

46-41 

Ai 

•002 

Mean 


46-270 
-001 


A,  -001 
Mean  R.A.    19  27  05-516 


Mean  R.A.    19  24  46-269 


a  Vulpeculae 
Dec.  24°  29' 


B.J.  734 
Dec.  79°  25' 


June  7 

W 

s 

19  24  57 

63 

July  16 

E 

s 

57 

r,3, 

26 

W 

,8 

57 

62 

28 

W 

N 

57 

64 

30 

W 

N 

57 

66 

Aug.  2 

W 

S 

57 

66  r 

20 

E 

S 

57 

64 

26 

E 

N 

57 

57 

Sept.  2 

E 

N 

57 

62 

8 

E 

S 

57 

61 

14 

E 

N 

57 

C.s 

16 

W 

N 

57 

58 

19 

W 

N 

57 

63 

26 

w 

N 

57 

64 

30 

w 

N 

57 

60 

Aug. 


Sept. 


7 

W 

S 

8 

W 

N 

11 

w 

S 

12 

w 

N 

29 

E 

N 

.  1 

E 

S 

9 

E 

N 

13 

E 

S 

17 

W 

S 

19  27  09-21 
09-15 
09-36 
09-26 
09-11 
0916 
09-25 
09-27 
09-47 


Mean 
Ai 
A* 


09-249 
■003 
-002 


Mean  R.A.    19  27  09-250 


Mean 
A, 
A» 


57-627 
-004 
•000 


B.J.  733 
Dec.  51°  32' 


Mean  R.A.    19  24  57-623 


B.J.  732 
Dec.  27°  46' 


June  7 

W 

19  27  26-26 

Aug.  2 

W 

s 

26-27 

Sept.  16 

w 

N 

26-23 

30 

w 

N 

26-17 

8  Cygni 
Dec.  34°  16' 


h  m  s 

July 

16 

E 

s 

19  28  25 

60 

28 

W 

N 

25 

66 

30 

W 

N 

25 

64 

Aug. 

2 

W 

S 

25 

57 

8 

W 

N 

25 

57 

12 

\Y 

N 

25 

42 

20 

E 

S 

25 

66 

26 

E 

N 

25 

61 

29 

E 

N 

25 

65 

Sept 

1 

E 

S 

25 

62 

2 

E 

N 

25 

59 

8 

E 

S 

25 

62 

9 

E 

N 

25 

61 

14 

E 

N 

25 

62 

16 

W 

N 

25 

62 

17 

w 

S 

25 

67 

19 

w 

N 

25 

59 

26 

w 

N 

25 

60 

30 

w 

N 

25 

60 

Mean 
Aj 


25-606 
-001 


Mean  R.A.    19  2S  25-605 


B.D.  70-1073 
Dec.  70°  48' 


July 

19 

E 

S 

19  31  43-65 

Aug. 

7 

W 

S 

43-75 

8 

W 

N 

43-67 

11 

w 

S 

43-91 

12 

w 

N 

43-62 

29 

E 

N 

43-70 

Sept. 

1 

E 

s 

43-58 

9 

E 

N 

43-65 

13 

E 

S 

43-89 

14 

E 

N 

43-79 

17 

W 

S 

43-87 

26 

W 

N 

43-74 

July  16 

E 

S 

19  27  05-50 

Mean 

26-233 

28 

W 

N 

05-59 

A, 

-005 

30 

W 

N 

05-50 

A, 

-004 

Aug.  20 

E 

S 

05-51 

26 

E 

N 

05-50 

Mean  R.A. 

19  27  26  224 

Mean 
A2 


43-735 
•000 


Mean  R.A.    19  31  43-735 
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u 

a 

o 
> 

Date 

3 

r. 

U 

O 

Mean  R.A. 

3 

Obs 

1910-0 

B.J.  73* 

(continued) 

h 

m  s 

Aug. 

11 

W 

S 

19  34  01-71r 

12 

w 

N 

01-70 

20 

E 

N 

01-63 

2!) 

E 

N 

01-68 

Sept 

1 

E 

S 

01-63 

2 

E 

N 

01-66 

9 

E 

N 

01-71 

13 

E 

S 

01-78 

14 

E 

N 

01-71 

16 

W 

N 

01-70 

17 

w 

S 

01-65r 

19 

w 

N 

01-66r 

26 

w 

N 

01-63r 

30 

w 

N 

01-72 

Mean 

01-683 

A, 

-005 

Ai 

-001 

Mean  R. A.    19  34  01-677 

14  Cygni 

Dec.  42°  37 

June 

7 

W 

S 

19  36  30  -70 

July 

19 

E 

S 

30-65 

28 

W 

N 

30-70 

Aug. 

7 

W 

S 

30-72 

8 

W 

N 

30-73 

11 

W 

S 

30-75r 

12 

W 

N 

30-70 

26 

E 

N 

30-67 

29 

E 

N 

30-67 

Sept 

1 

E 

S 

30-67r 

2 

E 

N 

30-71 

9 

E 

N 

30-67 

13 

E 

S 

30-70 

19 

W 

N 

30  &5 

30 

W 

N 

30-68 

Mean 

30-691 

A2 

-001 

Mean  R.A.    19  36  30-690 

Date 


£ 

0 


Mean  R.A. 
1910  0 


c  Sagittae 
Dec.  16°  16' 


June  7 
July  16 
Aug.  2 
20 


W 
E 
W 
E 


h  m 
19  33 


12-92 
12-91 
12-94 
12-97 


Mean 
A2 


12-935 
•002 


Mean  R.A.    19  33  12-937 


B.D.  49-3059 
Dec.  50°  02' 


July  19 

28 
30 

Aug.  8 
11 
12 
26 
29 

Sept.  1 
2 
9 
13 
14 
16 
17 
19 
26 
30 


E 
W 
W 
W 
W 

w 

E 
E 
K 
K 
E 
E 
E 
\Y 

w 
w 

I  w 

w 


19  33  31  17 
31-25 
31  19 
31-26 
31-34 
31-20 
31-19 
3115 
3119 
31-19 
31-28 
31-29 
31-31 
31-27r| 
31-29 
31 -19 
31-26 
31-29r 


Mean 
A2 


31-239 
-001 


Mean  R.A.     19  33  31-23S 


B.J.  738 
Dec.  50°  01' 


July  16 
19 

28 
30 

Aug.  2 
7 
8 


19  34  01-62 
01-63 
01-61 
01-74 
01-73 
01-74 
01-71 


Date 


1* 

FVI 

o 

0) 
00 

-°  1 
: 

Mean  R.A. 
19100 


P  Sagittae 
Dec.  17°  16' 


h  m  s 

July  16 

E 

S 

19  37  00-39 

30 

W 

N 

00-38 

Aug.  2 

W 

S 

00-46 

20 

E 

S 

00-42 

Sept.  14 

E 

N 

00-45 

16 

W 

N 

00-43 

17 

W 

S 

00-38 

22 

W 

S 

00-43 

26 

W 

N 

00-40 

Mean 
A, 
A2 


00-416 
-004 
•001 


Mean  R.A.    19  37  00-413 


10  Vulpeculae 
Dec.  25°  33' 


Aug. 


28 

W 

N 

19  39  58-33 

30 

\Y 

N 

58-39 

2 

w 

S 

58-37 

8 

w 

N 

58-31 

12 

w 

N 

/is- 32 

20 

E 

S 

58-37 

26 

E 

N 

58-40 

29 

E 

N 

58-39 

2 

E 

N 

58-38 

9 

E 

N 

58-39 

13 

E 

S 

58-39 

14 

E 

N 

5S-40 

15 

E 

S 

58-34 

16 

W 

N 

58-37 

17 

W 

s 

58-37 

19 

W 

N 

58-43 

22 

W 

S 

58-36 

26 

W 

N 

58-40 

30 

W 

N 

5S-41 

Mean 
A3 


58-375 
-001 


Mean  R.A.    19  39  58-374 
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Date 

03 

o 

O 
CO 

Mean  R.A. 
1910-0 

Date 

c. 
£ 

O 

u 

> 

u 

CD 

o 

Mean  R.A. 
1910-0 

Date 

a 
o 

Observer 

Mean  R.A. 
19100 

B.J.  740 
Dec.  37°  08' 

B.J.  742 
(continued) 

T  Sagittae 
(continued) 

July  19 

28 
30 

Aug.  2 
7 

E 
W 

w 
w 
\v 

s 

N 
N 
S 

s 

h  m  s 
19  41  01-80 
01-77 
01-85 
01-81 
01-84 

Sept.  19 
22 
26 
30 

w 
w 
w 
w 

N 
S 
N 
N 

hiu  s 
19  42  09-66 
09-72 
09-72 
09-70 

Sept.  2 
9 
13 
14 
15 

£ 
E 
E 
E 
E 

N 
N 
S 
N 
S 

h  m  s 
19  44  58-97 
58-90 
58-92 
58-96 
58-97r 

11 
12 
20 
26 
29 

Sept.  1 

2 

w 
w 

E 
E 
E 
E 
E 

s 

N 

s 

N 
N 
S 
N 

01-82 
01-77 
01-84 
01-82 
01-89 
01  -S2 
01-81 

Mean  09-711 
Ai  -004 
Aj  -001 

Mean  R.A.    19  42  09-706 

16 
17 
19 

22 
26" 
30 

W 
W 
W 
W 
W 
W 

N 
S 
N 
S 
N 
N 

58-93 

58-91r 
")V!!4  r 
58-96 
5S-96r 

9 
13 
14 
15 
16 
17 
19 
22 
26 
30 

E 
E 
E 
E 
W 
W 
W 

w 
w 
w 

N 
S 
N 
S 
N 
S 
N 
S 
N 
N 

01-77 
01-87 
01-88 
01-82 
01-88 
01-86 
01-82 
01-85 
01-81 
01-85 

B.J.  74! 
Dec.  18° 

1 

19' 

Mean 

A2 

58-948 
-001 

July  30 

W 

w 
w 

E 
E 
E 

N 

19  43  22-47 

Mean  R.A.     19  44  58-947 

Aug.  2 
12 
20 
26 
29 

S 
N 
S 
N 
N 

22-50 
22-46 
22-55 
22-43 
22-45 

B.J.  747 
Dec.  70°  02' 

Mean  01-830 
A,  -003 
A2  -000 

Mean  R. A.    19  41  01-833 

Sept.  2 
9 
13 
15 
16 
17 
19 
22 
26 
30 

E 
E 
E 
E 
W 
W 
W 

w 
w 
w 

N 
N 
S 
S 

N  ' 

S 

S 

s 

N 
N 

22-56 

22-46 

22-49r 

22-52 

22-50r 

22-48r 

22-52 

22-49 

22-49 

22-48 

Julv  19 
Aug.  7 
8 
12 
29 

Sept.  9 
14 
26 

E 
W 

w 
w 

E 
E 
E 
W 

S 

s 

N 
N 
N 
N 
N 
N 

19  48  28-86 

28-  83 

29-  14 
28-90 
29  00 
28-89 
28-84 
29  01 

B.J.  742 

Dec.  44° 

55' 

Mean 

28-934 

July  19 

28 
30 

Aug.  2 

E 
W 

w 
w 
w 
w 
w 
w 

E 

S 
N 
N 
S 

19  42  09-70r 
09-66 
09-77 
09-70 
09-72 
09-7S 
09-73 
09-67 
09-69 

Mean  £2-491 
Ai  -000 
A2  -000 

Mean  R.A.     19  43  22-491 

Ai  -002 
A2  -003 

Mean  R.A.    19  48  28-933 

7 
8 
11 
12 
20 

S 
N 
S 
N 
S 

{"Sagittae 
Dec.  18°  55' 

<t>  Aquilae 
Dec.  11°  11' 

26 
29 

Sept.  1 
2 
9 
15 
16 
17 

E 
E 
E 
E 
E 
E 
W 

\v 

N 
N 
S 
N 
N 
S 
N 
S 

09-71 
09-69 
09-72 
09-69 
09-76 
09-76 
09-69 
09-70 

July  28 
30 

Aug.  2 
12 
20 
26 
29 

w 
vv 
w 
w 

E 
E 
E 

N 
N 
S 
N 
S 
N 
N 

19  44  59  02 
58-94 
59  01r 
58-92 
58-96 
58-95 

July  26 
28 
30 

Aug.  2 
8 
12 
19 

W 

\v 
w 
w 
w 
w 

E 

S 
N 
N 
S 
N 
N 
N 

19  51  58-52 
58-45 
58-51 
58-50 
58-57 
58-52 
58-54 
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Date 


Mean  R.A. 
1910-0 


<P  Aquilae 
(continued) 


Date 


a 

03 

0 


Mean  R.A. 
1910-0 


B.J.  752 
Dec.  19°  15' 


Date 


Mean  R.A. 
19100 


15  Vulpeculae 
(continued) 


h  m  s 

b  m  s 

Aug.  20 

E 

s 

19  51  58-55 

July 

26 

W 

S 

19  54  45-32 

26 

E 

N 

58-54 

28 

W 

N 

45-31 

29 

E 

N 

58-56 

30 

W 

N 

45-27 

Sept.  2 

E 

N 

58-58 

Aug. 

2 

W 

S 

45-25 

13 

E 

S 

58-48 

8 

W 

N 

45-29 

14 

E 

N 

58-55 

12 

W 

N 

45-33 

15 

E 

S 

58-56 

19 

E 

N 

45-21 

16 

W 

N 

58-50 

26 

E 

N 

45-26 

17 

W 

s 

58-54 

29 

E 

N 

45-32 

19 

W 

58-63 

Sept 

2 

E 

N 

45-31 

22 

W 

I 

58-55 

9 

E 

N 

45-25 

26 

W 

N 

58-55 

13 

E 

S 

45-28 

29 

W 

S 

58-56 

14 

E 

N 

45-27 

30 

W 

58-51 

15 

E 

S 

45-31 

16 
17 

W 
W 

N 

45-35 
45-25 

S 

Mean 

58-537 

19 

W 

N 

45-27 

At 

•000 

22 

W 

S 

45-29 

29 

W 

s 

45-27 

Mean  R.A.     19  51  58-537 

30 

W 

N 

45-26 

B.J.  750 
Dec.  52°  12' 


Mean 
A, 
A2 


45-2S3 
-005 
•000 


July 

19 

E 

S 

19  53  18 

17 

28 

VV 

N 

18 

15 

30 

W 

N 

18 

18 

Aug. 

8 

W 

N 

18 

18 

12 

W 

N 

18 

14 

19 

E 

N 

18 

16 

26 

E 

N 

18 

14 

29 

E 

N 

18 

is 

Sept 

2 

E 

N 

18 

22 

9 

E 

N 

18 

27 

14 

E 

N 

18 

16 

15 

E 

S 

18 

20 

16 

W 

N 

18 

24 

17 

W 

S 

18 

24 

19 

W 

N 

18 

20 

22 

W 

S 

18 

21 

26 

W 

N 

18 

22 

29 

W 

S 

18 

20 

30 

W 

N 

IS 

19 

Mean  R.A.     19  54  45-278 


15  Vulpeculae 
Dec.  27°  30' 


Mean 
A, 
A2 


18-192 
•000 
-00: 


Mean  R.A.    19  53  IS- 190 


26 

W 

s 

19  57  23-65 

28 

W 

N 

23-62 

30 

W 

N 

23-62 

2 

W 

s 

23-61 

8 

W 

N 

23-53 

12 

W 

N 

23-60 

19 

E 

N 

23-60 

26 

E 

N 

23-63 

29 

E 

N 

23-64 

2 

E 

N 

23-59 

9 

E 

N 

23-65 

13 

E 

S 

23-62 

14 

E 

N 

23-63 

15 

E 

S 

23-64 

17 

W 

s 

23-64 

19 

w 

N 

23-66 

22 

w 

s 

23-69 

26 

w 

N 

23-57 

29 

w 

S 

23-65 

30 

w 

N 

23-64 

h  m  3 
Mean  19  57  23-624 
A2  -001 

Mean  R.A.     19  57  23-623 


B.D.  69- 1084 
Dec.  70°  07' 


July  19  E 
Aug.  7 
11 

12 
19 

29 

Sept.*9 
10 
13 
14 
15 
17 
26 
29 


19  58  55-20 
55-32 
55-41 
55-37 
55  17 
55-31 
55-35 
55-30 
55-35 
55  16 
55-32 
55-39 
55-39 
55-31 


Mean 
A* 


55-311 
•002 


Mean  R.A.    19  58  55-313 


69  Draconis 
Dec.  76°  14' 


Aug.  11 
19 

Sept.  9 


VV 
E 
E 


10  E 

13  I  E 

14  E 

15  E 
17  W 
26  W 
28  W 


S 
N 
N 
S 

s 

X 
S 
S 
X 
X 


20  02  08-84 
08-90 
os-ss 
08-90 
OS -81 
08-94 
OS -81 
08-97 

08-  92 

09-  23 


Mean 
A2 


08-920 
•004 


Mean  R.A.    20  02  08-924 
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Date 


e. 
S 

a! 


Mean  R.A. 
1910- 0 


b-  Cygni 
Dec.  36°  34' 


Date 


I 

rve 

o 

5 

s: 

Mean  R.A. 
19100 


30  Cygni 
Dec.  46°  33' 


Date 


Mean  R.A. 
1910  0 


B.J.  760 
Dec.  24°  24' 


h  m  s 

July  26 

\V 

s 

20  06  0503 

Aug.  7 

W 

s 

05  01 

Sept,  2 

E 

N 

05  04 

10 

E 

s 

04-99 

13 

E 

s 

05 -OS 

15 

E 

s 

05-04 

16 

W 

N 

05-02 

17 

W 

S 

05  03 

26 

W 

N 

05  01 

28 

W 

N 

05  05 

29 

W 

S 

05  01 

Mean 
A2 

Mean  R.A. 


05-028 
•000 

20  06  05-028 


20  Vulpeculae 
Dec.  26°  13' 


July  26 

W 

s 

20  08  14-25 

Sept.  2 

E 

N 

14-22 

13 

E 

s 

14-17 

15 

E 

s 

14-23 

16 

W 

N 

14-23 

17 

W 

S 

14-24 

26 

w 

N 

14-22 

28 

w 

N 

14  -28 

29 

w 

S 

14-23 

Oct.  11 

w 

S 

14-21 

Mean 
A2 

Mean  R.A.    20  OS  14-22S 


14-22S 
•000 


P  Aquilae 
Dec.  14°  55 


Sept.  13 

E 

s 

20  10  06 

78 

15 

E 

s 

06 

75 

17 

W 

s 

06 

75 

29 

w 

s 

06 

76 

Oct.  11 

w 

s 

06 

74 

Mean 
A2 

Mean  R.A.    20  10  06-758 


06-756 
•002 


w 

S' 

E 

s 

\Y 

N 

W 

N 

h  m  s 
20  10  28-26 
28-22 
28-33 
28-36 


Mean 
A2 


28-292 
-001 


Mean  R.A.    20  10  28-291 


B.J.  757 
Dec.  46°  28' 


Aug.  31 
Sept.  2 
16 
28 


Mean 
Ai 
A2 


47-S53 
-004 
-002 


Mean  R.A.    20  10  47-S47 


B.J.  759 
Dec.  77°  26' 


Aug.  7 
Sept.  1 
10 
13 
15 
17 
26 
28 
29 

Oct.  11 


20  11  56-OS 
56- 18 
56-27 
56-30 
56-23 
56-31 

55  -87 
56-32 
56-21 

56  -28 


Mean 
Ai 
As 


56-205 
-004 
•000 


Mean  R.A.    20  11  56-201 


h  m  s 

July  26 

W 

s 

20  12  56  04 

28 

w 

N 

56  06 

30 

w 

N 

56- 00 

Aug.  19 

E 

N 

56  09 

31 

E 

N 

56-01 

Sept.  2 

E 

I 

56  04 

8 

E 

55-96 

15 

E 

S 

55-97 

16 

W 

N 

55-90 

Mean 
Ai 
A2 


56  00S 
-005 
-001 


Mean  R.A.    20  12  56  002 


E 

N 

20  10  47 

79 

E 

N 

47 

S5 

W 

N 

47 

90 

W 

N 

47 

S7 

176  B.Cygni 
Dec.  39°  07' 


July  26 
30 

Aug.  7 
11 
19 


W 
W 
W 
W 
E 

29  |  E 


31 

Sept.  1 
2 
8 

s  9 
10 
14 
16 
19 
26 
28 
29 
30 

Oct.  7 
10 
11 


E 
E 
E 
E 
E 
E 
E 
W 
W 

w 
w 
w 
w 
w 
w 
w 


s 
N 
S 

s 

N 
N 
N 
S 
N 
S 
N 
S 
N 
N 
N" 
N 
N 
S 
N 
N 
X 
S 


20 


16  59 -48 
59-51 
59-47 
59-44 
59-48 
59-46 
59-43 
59-43 
59-34 
59-46 
59-41 
59-46 
59-50 
59-49 
59-49 
59-45 
59-51 
59-47 
59-46 
59-45 
59-45 
59-48 


Mean 
A2 


59-460 
-001 


Mean  R.A.    20  16  59-459 
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fa 

fa 

u 

a. 

a 
> 

o. 

o 

a 

Date 

E 

3 

fa 
V 

Mean  R.A. 

Date 

a 

a 

> 

fa 

0) 

Mean  R.A. 

Date 

s 

as 

> 
fa 
0) 

Mean  R.A. 

O 

w 
XI 

19100 

O 

03 

SI 

19100 

o 

00 

1910-0 

O 

o 

o 

B.J.  765 

40  Cygni 

41  CygE 

i 

Dec.  39°  58' 

(continued) 

(continued) 

h  in  s 

n  id  s 

h  m  s 

July  26 

W 

s 

20  18  59-81 

Sept.  10 

E 

s 

20  24  14-16 

Oct.  7 

W 

N 

20  25  43- 10 

30 

W 

N 

59-84 

13 

E 

s 

14- 14 

10 

W 

N 

43  07 

\ntr  7 

W 

S 

59-88 

14 

E 

N 

1409 

11 

w 

S 

43  06 

11 

w 

fa 

59 • 87  r 

15 

E 

s 

1417i 

12 

E 

N 

43- 10 

19 
20 

E 
E 

N 

59-94 

16 

VV 

N 

14-22 

s 

59-88 

17 

W 

S 

14-24 

29 

E 

N 

59-86 

19 

W 

N 

14-20 

31 

E 

N 

59-89 

22 

W 

S 

1419r 

Mean 

43065 

Sept.  1 

E 

S 

59-89r 

26 

\Y 

N 

1413r 

A 

-003 

2 

E 

N 

59-90 

28 

W 

N 

14- 16r 

A, 

•000 

8 

E 

S 

59-87 

29 

w 

S 

14- 15 

Q 

E 

N 

59-91 

30 

W 

N 

14- 13r 

Mean  R.A 

20  25  43 -062 

i  n 
1U 

E 

S 

59-85r 

Oct.  7 

w 

N 

1416 

i<i 
xo 

E 

S 

59-88 

10 

w 

N 

14-141 

14 

E 

N 

59-88i 

11 

w 

S 

14-lSr 

15 

E 

S 

59-86i 

12 

E 

N 

14-12 

16 

W 
W 

N 

59-79r 

17 

S 

59-88 

w  L-ygni 

19 

w 

N 

59-89 

Mean 

14-168 

Dec. 

48°  39' 

22 

w 

S 

59-84 

A. 

•000 

26 

w 

N 

59-84 

28 
29 

w 
w 

N 
S 

59-76 
59-84i 

Mean  R.A.    20  24  14-16S 

Aug.  7 

\V 

s 

20  27  16-23 

30 

w 

N 

59-86 

11 

W 

s 

16-2S 

Oct.  7 

W 

N 

59-84r 

20 

E 

s 

16-25 

10 

w 

N 

59-88 

41  Cygni 

29 
31 

E 
E 

N 
N 

16-25 
16-25 

Dec. 

30°  04' 

Sept.  1 

E 

S 

16-28 

2 

E 

N 

16-24 

Mean 

59-863 

8 

E 

S 

16-25 

A, 

-002 

July  26 

W 

S 

20  25  43-OS 

9 

E 

N 

16-28 

Aj 

•000 

30 

W 

N 

43  04 

10 

E 

S 

16-26 

Aug.  7 

w 

S 

43  02 

13 

E 

S 

16-25 

Mean  R.A. 

20  18  59-865 

11 

19 

w 

E 

S 
N 

43  02 
43  07 

14 
15 

E 
E 

N 
S 

16-22 
16-26 

20 

E 

S 

43-0S 

16 

W 

N 

16-32 

29 

E 

N 

43  09 

17 

w 

S 

16-31 

31 

E 

N 

4311 

19 

w 

N 

16-24 

40  Cygni 
Dec.  38°  09' 

Sept.  1 
2 

8 

E 
E 
E 

S 
N 
S 

43  05 
43  00 
43  07 

22 
26 
28 

w 
w 
w 

S 
N 
N 

16-26 
16- 18 
16-31 

9 

E 

N 

43  03 

29 

w 

S 

16-24 

10 

E 

S 

43-02 

30 

w 

N 

16-30 

July  26 

W 

S 

20  24  14-lSi 

13 

E 

s 

43  10 

Oct.  7 

w 

N 

16-27 

30 

w 

N 

14-21 

14 

E 

N 

43  07 

10 

w 

N 

16-25 

Aug.  7 

w 

S 

14-21i 

15 

E 

S 

43  05 

11 

w 

S 

16-30 

11 

w 

s 

14  15 

16 

W 

N 

43  07 

12 

E 

N 

16-40 

19 

E 

N 

14- 15 

17 

W 

S 

43-05 

20 

E 

s 

14-16 

19 

W 

N 

43  09 

29 
31 

E 
E 

N 
N 

14-14 
14-20 

22 
26 

w 
w 

S 
N 

43  07 
43  08 

Mean 

16-267 
■000 

Sept.  1 

E 

S 

14- 15 

28 

w 

N 

4311 

2 

E 

N 

14-22 

29 

w 

S 

43  08 

8 

E 

S 

14-lSr 

30 

w 

N 

43  05 

Mean  R.A.    20  27  16-267 
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Date 


c 
B 

o 


Mean  R.A. 
1910-0 


Date 


o. 

03 
U 


Mean  R.A. 
19100 


Date 


a 
6 

0 


Mean  R.A. 
1910-0 


B.J.  768 
Dec.  11°  00' 


f  Delphini 
Dec.  14°  22' 


B.J.  771 
Dec.  14°  17' 


July  30 
Aug.  20 

29 
31 

Sept.  2 
8 
13 
14 
15 
16 
17 
19 
21 
22 
26 
28 
29 
30 

Oct.  7 
11 
19 
26 


W 
E 
E 
E 
E 
E 
E 
E 
E 
W 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

E 
E 


h  m  ; 
20  28  54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 


Mean 
Ai 

A2 

Mean  R.A. 


54S02 
•000 
•000 

20  28  54-802 


Groombridge  3241 
Dec.  72°  14' 


Aug.  7 

W 

s 

20  30  24-33 

11 

W 

s 

24-32 

19 

E 

N 

24 -4S 

29 

E 

N 

24-26 

Sept.  1 

E 

S 

24-30 

9 

E 

N 

24-35 

10 

E 

S 

24 -2S 

13 

E 

S 

24-23 

26 

W 

N 

24-31 

28 

w 

N 

24-47 

29 

w 

S 

24  •  22 

Oct.  10 

w 

N 

24-25 

12 

E 

N 

24-51 

Mean 

24-332 

-004 

A2 

•001 

Mean  R.A 

.    20  30  24-329 

July  30  VV 

Aug.  20  E 

31  E 
Sept.  2  ■  E 

8  E 

14  E 

15  E 

16  W 

17  W 
19  W 

21  I  VV 

22  W 
30  W 

7  W 

11  VV 

19  E 

26  E 


Oct. 


July 
Aug. 
Sept. 


m  s 
31  06-00 

06  03 

06  00 

06- 14 

06  05r 

06-10r 

06  05 

06-04 

06-03 

06  08 

06-07 r|  Oct 
06-02 
06-07 
06  OOr 
06-03r 
06-08 
06-08 


N 
S 


30  W 
20  E 

2    E  j  N 
8  E 
14  !  E 


16 
19 
21 
22 
30 
7 
19 


S 
N 
W  I  N 
W  N 


W 

w 

VV 

w 

E 


h  m  s 
20  33  19-68 
19-71r 
19-77 
19-70 
19-73 
19-66 
19-72r 
19-79 
19-73r 
19-71r 
19-76 
19-79r 


Mean 
At 
A2 


19-729 
■001 
-001 


Mean 
As 


06  055 
-001 


Mean  R.A.    20  33  19-729 


Mean  R.A.    20  31  06-054 


29  Vulpeculae 
Dec.  20°  53' 


B.J.  770 


Dec. 

74°  39' 

July  30 

W 

N 

20  34  30 

10 

Aug.  20 

E 

S 

30 

Id 

Aug.- 

7 

W 

S 

20  32  42 

1 1 

Sept 

2 

E 

N 

30 

20 

11 

W 

S 

42 

34 

8 

E 

S 

30 

08 

19 

E 

N 

42 

13 

E 

S 

30 

14 

29 

E 

N 

42 

28 

14 

E 

N 

30 

13 

31 

E 

N 

42 

65 

16 

W 

N 

30 

14 

Sept. 

1 

E 

S 

42 

27 

17 

VV 

S 

30 

09 

9 

E 

N 

42 

23 

19 

VV 

N 

30 

17 

10 

E 

S 

42 

30 

21 

w 

N 

30 

13 

13 

E 

s 

42 

23 

22 

w 

S 

30 

13 

15 

E 

s 

42 

43 

26 

VV 

N 

30 

07 

17 

VV 

s 

42 

43 

28 

w 

N 

30 

11 

26 

w 

N 

42 

28 

30 

w 

N 

30 

11 

28 

VV 

N 

42 

54 

Oct. 

7 

w 

N 

30 

08 

29 

w 

S 

42 

26 

10 

w 

N 

30 

14 

Oct. 

10 

VV 

N 

42 

Hi 

17 

E 

N 

30 

12 

11 

VV 

s 

42 

29 

19 

E 

N 

30 

17 

12 

E 

N 

42 

46 

26 

E 

N 

30 

18 

Mean 

A, 
Aj 


42-350 
•001 
•001 


Mean 
A2 


30-126 
-001 


Mean  R.A.    20  32  42-352 


Mean  R.A.    20  34  30  125 
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u 

Ui 

Q. 

o. 

> 

0) 

Date 

§ 

> 
u 
O 

Mean  R.A. 

Date 

§ 

cj 

In 

O 

Mean  R.A. 

Date 

o 

Mean  R.A. 

O 

CO 

£! 

19100 

5 

03 

19100 

O 

o 

19100 

74  Draconis 

B.J.  77" 

B.J.  778 

Dec.  80°  47' 

Dec.  44°  57' 

(continued) 

h  m  s 

h  m  s 

h  m  a 

Aug.  29 

E 

N 

20  34  42-03 

July  30 

W 

N 

20  38  21-78 

Sept.  26 

W 

N 

20  39  15-40 

31 

E 

N 

42-08 

Aug.  19 

E 

21-79 

28 

w 

N 

15-43 

Sept.  1 

E 

S 

42  07m 

20 

E 

21-77 

29 

w 

S 

15-45 

9 

E 

N 

42-21 

29 

E 

N 

21-81 

30 

w 

N 

15-46 

10 

E 

S 

41-89 

31 

E 

N 

21 -7S 

Oct.  7 

w 

N 

15-49 

29 

\Y 

S 

41-SSnr 

Sept.  1 

E 

S 

21-81 

10 

w 

N 

15-39 

Oct.  11 

W 

S 

42  01m 

2 

E 

N 

21-74 

11 

\Y 

S 

15-42 

8 

E 

s 

21-77 

12 

E 

N 

15-40 

9 

E 

N 

21-72 

17 

E 

N 

15-52 

10 

E 

S 

21-77 

19 

E 

N 

15-43 

Mean 

42-024 

14 

E 

N 

21  -78 

26 

E 

N 

15-46 

As 

■014 

10 

\Y 

N 

21-73 

19 
21 

W 
W 

N 
N 

21-76 
21-83 

Mean 

15-438 
•004 
-001 

Mean  R.A.    20  34  42-038 

22 
2b 

W 

w 

S 
N 

21-77 
21  SI 

A, 
A« 

28 

w 

N 

21-83 

Mean  R.A 

.    20  39  15-441 

29 

\Y 

21-82 

S 

30 

w 

N 

21-69 

B.J.  7S0 

Oct.  7 

w 

N 

21-76 

Dec.  33°  38' 

R  J  77S 

10 
11 

12 

w 
w 

E 

N 
S 

n 

21-70 
21-81 
21-74 

Dec.  15° 

36' 

July  30 

W 

N 

20  42  34-08 

17 
19 

E 
E 

N 
N 

21-77 
21-76 

Aug.  19 

E 

N 

34  08 

20 

E 

S 

34  12 

July  30 

W 

N 

20  35  27-44 

26 

E 

N 

21 -SI 

29 

E 

N 

34  10 

Aug.  19 

E 

N 

27-42 

31 

E 

N 

34- 13 

20 

E 

S 

27-45 

Sept.  1 

E 

S 

34-15r 

Sept.  2 

8 

E 
E 

N 
S 

27-53 
27-47 

Mean 

21-773 
,-004 
-001 

2 
8 

E 
E 

N 

S 

34  08 
34  16 

14 

E 

N 

27-49 

-ii 

9 

E 

N 

34- 16 

15 

E 

S 

27-48 

A2 

13 

E 

S 

*  34-09r 

16 
17 

W 
W 

N 
S 

27-49 
27-45 

Mean  R.A. 

20  38  21-776 

14 
16 

E 
W 

N 
N 

34  09 
34-09r 

19 

W 

N 

27-45 

19 

W 

N 

34- 14 

21 

W 

N 

27-50 

21 

\Y 

N 

3413r 

22 

w 

S 

27-46 

22 

W 

S 

34- 13 

26 

w 

N 

27-48 

B.J.  778 

26 

\Y 

N 

34- 14 

28 

w 

N 

27-49 

Dec.  14°  45' 

28 

\Y 

N 

34-OSr 

30 

w 

N 

27-51 

29 

W 

S 

34-14r 

Oct.  7 

W 

N 

27-41 

30 

W 

N 

34  10 

10 

W 

N 

27-42 

July  30 

W 

N 

20  39  15-46 

Oct.  3 

\Y 

N 

34  16 

12 

E 

N 

27-44 

Aug.  20 

E 

S 

15-44 

7 

w 

N 

3413r 

17 

E 

N 

27-49 

31 

E 

N 

15-4S 

10 

w 

N 

34  08 

19 

E 

N 

27-53 

Sept.  2 

E 

N 

15-43 

11 

w 

S 

34  13 

26 

E 

N 

27-51 

9 

E 

N 

15-45 

12 

E 

N 

34  18 

13 

E 

S 

15-43 

17 

E 

N 

34-18r 

14 

E 

N 

15-39 

19 

E 

N 

34- 11 

Mean 

27-472 

15 

E 

S 

15-41 

26 

E 

N 

3414r 

16 

W 

N 

15-41 

A, 

-001 
-001 

34-122 

17 

w 

S 

15-41 

Mean 

19 

N 

15-46 

A 

-004 

21 

w 

N 

15-47 

A2 

-001 

Mean  R.A.    20  35  27-470 

22 

w 

S 

15-42 

Mean 

R.A 

.    20  42  34117 
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Date 


Mean  R.A 
19100 


B.J.  782 
Dec.  57°  15' 


Sept.  10  E 

15  (  E 
17  W 


h  m  s 
20  43  06-99 
07-09 
07-16 


Mean 
A, 
A2 


07-OSO 
-003 
•005 


Mean  R.A.    20  43  07  082 


B.J.  784 
Dee.  36°  10' 


Sept 


July  30 
Aug.  19 
20 
29 
31 
1 
2 
8 
9 
13 
14 
16 
19 
21 
22 
26 
29 
30 
7 
10 
11 
12 
17 
19 
26 


E  N 


Oct. 


20  43  54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 


•  13 
•13 
•06i 
•21 
■12 
•08 
•12 
•13r| 
•11 
•17 
•13nJ 
•1 

•13i| 

•17 
•14r 
■23 1 
•13 
•13rl 
•11 
■13i 
•13r 
•23i 
•11 
•12i 
■06 


Mean 
Ai 
A2 


54-135 
•000 
-001 


Mean  R.A.    20  43  54-134 


Date 


Mean  R.A 
19100 


220  H1.  Draconis 
Dec.  80°  13' 


29 

E 

N 

2 

E 

N 

9 

E 

N 

14 

E 

N 

16 

W 

N 

19 

W 

N 

21 

W 

N 

28 

W 

N 

30 

W 

N 

7 

VV 

N 

10 

W 

N 

12 

E 

N 

17 

E 

N 

19 

E 

N 

26 

E 

N 

h  m  s 
20  51  41 -S4 
41-95 
41-80 

41-  77 

42-  35 
II  ss 
42-35 
42-15 
41-88 
42  00nr 
41-76r 
41-99nr 
41-93nr 
41-85nr 
41-96nr 


Mean 
Ax 
As 


41-964 
-005 
-007 


Mean  R.A.    20  51  41-952 


B.J.  7SS 
Dec.  40°  49' 


Oct. 


11 

W 

s 

20  53  49  04 

20 

E 

s 

49  03 

29 

E 

N 

4S-93 

31 

E 

N 

4S-97 

.  1 

E 

S 

49-04 

2 

E 

N 

4S-97 

8 

E 

S 

49-03 

9 

E 

N 

48-97 

10 

E 

S 

49-01 

13 

E 

S 

49  07 

14 

E 

N 

48-93 

15 

E 

S 

49  01 

16 

W 

N 

49  01 

17 

w 

S 

49-04 

19 

w 

N 

4S-99 

21 

\v 

N 

49-09 

22 

w 

S 

49-02 

26 

w 

N 

49-05 

28 

w 

N 

4S-99 

29 

W 

S 

49  03 

30 

W 

N 

49-02 

7 

W 

N 

49-06 

10 

W 

N 

49  01 

Date 


Mean  R.A. 
1910-0 


B.J.  788 
(continued) 


Oct.  11 
17 
19 

26 


h  m  s 
20  53  49-04 
49  01 
48-99 
48-92 


Mean 

Ai 
Ai 


49-010 
-003 
■000 


Mean  R.A.    20  53  49  007 


Bradley  274S 
Dec.  75°  35' 


Aug.  11  W 


29 
31 

Sept.  1 
9 
10 
13 
15 
26 
2S 
29 

Oct.  10 
11 
12 
17 


19  E 
26  E 


20  55  48-71 
48-46 
48-64 
48-52 
4S-65 
4S-61 
48-67 
48-70 
4S-70 
4S-78 
4S-55 
48-50 
48-63 
48-46 
4S-53 
48-49 
4S-68 


Mean 
A2 


4S-605 
•004 


Mean  R.A.    20  55  48-609 


f1  Cygni 
Dec.  47°  10' 


Aug.  20  E 
Sept.  2  '  E 
8  I  E 
14  E 
16  !  W 


S 
N 
S 
N 
N 


20  56  45-86 
45-80 
45-84 
45-83 
45-86 
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Date 

Clamp 

U 

0) 
> 

0) 

3 

Mean  R.A. 
19100 

Date 

Clamp 

> 

01 
00 

O 

Mean  R.A. 
19100 

Date 

Clamp 

Observer 

Mean  R.A. 
19100 

f  Cygni 
(continued) 

B.J.  793 
Dec.  38°  18' 

Groombridge  3409 
Dec.  71°  04' 

Sept.  17 
19 
21 
22 
28 
30 

Oct.  7 
10 
17 
19 
26 

\Y 
W 
W 
W 

vv 
w 
w 
w 

E 
E 
E 

s 

N 
N 
S 
N 
N 
N 
N 
N 
N 
N 

h  m  s 
20  50  45-91 
4.V79 
45-99 
45-88 
45-93 
45-88 
45-84 
45-83 
45-92 
45-90 
45-91 

Aug.  11 
20 
31 

Sept.  2 
9 
10 
14 
16 
19 
26 
28 
30 

W 
E 
E 
E 
E 
E 
E 
W 

w 
w 
w 
w 

s 
s 

N 
N 
N 
S 
N 
N 
N 
N 
N 
N 

h  m  s 
21  02  51-72 
51-74 

51-75 
51-76 
51-69 
51-75 
51-72 
51-73 
51-68 
51-71 
51-76 

Aug.  11 
31 

Spnt  1 

9 
10 
13 
14 

15 
17 
21 

26 
28 

W 
E 
E 
E 
E 
E 
E 
E 
W 

w 
w 
w 

S 
N 
S 
N 
S 
S 
N 
S 
S 
N 
N 
N 

h  m  s 
21  05  51-35 
51-32 

^1  .*>« 
Ol  •  iO 

51-33 
51-36 
51-44 
51-31 
51-37 
51-34 
51-38 
51-37 
51-45 

Mean  45-873 
A2  --001 

MeanR.A.    20  56  45-872 

Oct.  7 
10 
12 
17 
19 

w 
w 

E 
E 
E 

N 
N 
N 
N 
N 

51-69 
51-70 
51-77 
51-76 
51-75 

29 

Oct.  10 
11 
17 
19 

w 
w 
w 

E 
E 

S 
N 
S 
N 
N 

51-39 
51-32 
51-37 
51-29 
51-26 

B.J.  792 
Dec.  43°  34' 

Mean 
A, 
Aj 

51-731 
-005 
-001 

Mean 

Ai 

51-349 
•000 

Aug.  11 
20 

W 
E 

S 

s 

21  01  39-35 
39-37 

Mean  R.A 

.    21  02  51 ■ 725 

Mean  R.A.    21  05  51-349 

31 

Sept.  1 

2 
8 
10 

E 
E 
E 
E 
E 

N 
S 
N 
S 

s 

:«••:** 
39-36 
39-34 
39-41 
39-32 

P  Cygni 
Dec.  47°  17' 

B.J.  795 
Dec.  77°  46' 

13 
14 
16 
17 
19 
22 
26 
28 
29 
30 

Oct.  7 
10 
11 
12 
17 
19 

E 
E 
W 
W 
W 
W 

w 
w 
w 
w 
w 
w 
w 

E 
E 
E 

s 

N 
N 
S 
N 
S 
N 
N 
S 
N 
N 
N 
S 
N 
N 
N 

39-41 
39-31 
39-37 
39-35 
39-38 
39-36 
39-38 
39-39 
39-37 
39-29 
39-30 
39-35 
39-41 
39-36 
39-36 
39-31 

Aug.  31 
Sept.  1 
8 
9 
13 
17 
22 
26 
28 
29 
30 

Oct.  7 
10 
11 
17 
19 

E 
E 
E 
E 
E 
W 
W 
W 
W 
W 
W 
W 
W 
W 
E 
E 

N 
S 
S 
N 
S 

s 
s 

N 
N 
S 
N 
N 
N 
S 
N 
N 

21  03  30  07 
30  01 
30  02 
HI). (If, 
30  03 
30-06 
30  00 
29-99 
29 -98 
30  03 
29-98 
30  00 
29-96 
30  02 
29-91 
29-95 

Sept.  1 
10 
13 
14 
15 
17 
26 
28 
29 

Oct.  10 
11 
12 
17 
19 

E 
E 
E 
E 
E 
W 
W 

w 
w 
w 
w 

E 
E 
E 

S 
S 
S 
N 
S 
S 
N 
N 
S 
N 
S 
N 
N 
N 

21  07  18-81 
18-93 
18-95 
18-81 
18-94 
19  06 
19  03 
18-99 
18-78 
18-93 
18-98 
1902 
18-85 
18-81 

Mean 
A, 

A2 

39-358 
•000 
•000 

Mean 

At 

30  010 
-001 

Mean 
A, 
A. 

18-921 
•001 
•003 

Mean  R.A.    21  01  39-358 

Mean  R.A 

2 

1  03  30-009 

Mean  R.A 

.    21  07  18-925 
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Date 


- 

£ 

03 

5 


Mean  R.A. 
1910-0 


Date 


a 
= 

5 


Mean  R.A. 
19100 


Date 


XI 

z 


Mean  R.A. 
1910-0 


B.J.  797 
Dec.  29°  51' 


B.J.  799 
(continued) 


h  m  s 

Aug.  20 

E 

s 

21  09  06-36 

Sept.  9 

E 

N 

06-32 

10 

W 

N 

06-34 

17 

W 

S 

06-31 

22 

W 

s 

06-28 

26 

w 

N 

06-27 

Mean 

A, 
A2 


06-313 
•000 
•000 


Mean  R.A 

2 

1  09  06-313 

B.J.  798 

Dec. 

59°  37' 

Aug.  11 

W 

S 

21  09  30-82 

31 

E 

N 

30-74 

Sept.  1 

E 

S 

30-75 

p.  "8 

E 

s 

30-77 

10 

E 

s 

30-76 

14 

E 

N 

30-65 

15 

E 

s 

30-70 

19 

W 

N 

30-75 

21 

W 

N 

30-82 

28 

w 

N 

30-75 

29 

w 

s 

30-79 

30 

w 

N 

30-78 

Oct.  7 

w 

N 

30-77 

10 

w 

N 

30-67 

11 

w 

S 

30-73 

12 

E 

N 

30-76 

17 

E 

N 

30-65 

19 

E 

N 

30-68 

Mean 

30-741 

A 

•004 

As 

-001 

Mean  R.A.    21  09  30-744 

B.J.  799 

Dec.  37° 

40' 

Aug.  11 

W 

S 

21  11  11-87 

20 

E 

S 

11-85 

31 

E 

N 

11-87 

Sept.  1 

E 

S 

11-86 

Sept.  2 


9 
10 
13 
15 
16 
17 
19 
21 
22 
26 
28 
29 
30 

7 
10 
11 
12 
19 


Oct. 


h 
21 


11  11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


80 

SI, 

S9 
84 
85 
87 
85 
89 
ss 
85 
86 
84 
90 
SSr 
87 
82 
83  ri 


84 


Mean 
Ai 
A3 


11-858 
•003 
•000 


Mean  R.A.    21  11  11-S61 


a  Cvgni 
Dec.  39°  01' 


Aug.  11  \V 

,  31  E 

Sept.  1  E 

2  E 


9  E 

10  E 

13  E 

14  E 
16  W 

21  W 

22  W 
26  W 
28  W 

Oct.    7  W 

18  E 


S 
I  N 

S 

N 

N 

S 

S 

N 

N 

X 

s 

N 
N 
N 
S 


21  13  52 

52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 


v  Cygni 
Dec.  34°  31' 


Aug.  20 

E 

S 

Sept.  S 

E 

S 

15 

E 

S 

17 

W 

S 

19 

W 

N 

30 

w 

N 

Oct.  10 

w 

N 

12 

E 

N 

17 

E 

N 

19 

E 

N 

26 

E 

N 

h  m 
21  14 


.  s 
12-96 
12-95 
12-99 
12-98 
13  02 
12-99 
12-95 
12-95 
12-96 
12-92 
12-89 


Mean 
A2 


12-960 
•000 


Mean  R.A.    21  14  12-960 


Bradley  2796 
Dec.  76°  3S' 


Aug.  11 

\V 

S 

21  16  41 

94 

Sept.  1 

E 

S 

41 

84 

13 

E 

S 

41 

77 

21 

W 

N 

41 

86 

29 

W 

S 

41 

95 

Oct.  10 

W 

N 

41 

83 

11 

W 

S 

41 

86 

18 

E 

S 

41 

82 

19 

E 

N 

41 

76 

.Mean 


41-848 
•000 


Mean  R.A.    21  16  41-848 


B.J.  804 
Dec.  19°  25' 


Mean 
A, 
A2 


52-761 
—002 
•000 


Mean  R.A.    21  13  52-759 


Sept.  2 

E 

N 

21  17  55-43 

9 

1 

N 

55-43 

13 

E 

S 

55-38 

14 

E 

N 

55-40 

16 

W 

N 

55-45 

19 

\Y 

N 

55-44 

21 

W 

N 

55-41 

22 

W 

S 

55-40 

30 

W 

N 

55-43 

478 


DEPARTMENT  OF  THE  INTERIOR 

3  GEORGE  V.,  A.  1913 

LEDGERS  OF  MEAN"  RIGHT  ASCENSION,  1910  0— Continued. 


Date 


c 
= 
a 
O 


Mean  R.A. 
1910  0 


Date 


Mean  R.A. 
1910- 0 


Date 


Mean  R.A. 
19100 


B.J.  S04 
(continued) 


B.J.  SO- 
Dec.  46°  09' 


hiu  s 

Oct.  3 

W 

N 

21  17  55-40 

18 

E 

S 

55-47 

19 

E 

N 

55-45 

26 

E 

N 

55-40 

Mean 
A, 
A, 


55-422 
•004 
-001 


Mean  R.A.    21  17  55-425 


■  69  Cygni 
Dec.  36°  17' 


Aug.  20 
Sept.  1 
2 

9 
10 
13 
14 
19 
21 
22 
26 
2S 
29 
30 

Oct.  7 
10 
11 
17 
19 
26 


\Y  X 

W  N 

W  S 

E  X 


Aug.  20 
31 

Sept.  1 
2 

8 
9 
10 
13 
14 
15 
16 
17 
19 
21 
22 
28 
29 


Oct. 


E 

S 

21  22  06-27 

E 

N 

06-27 

E 

S 

06-25 

E 

N 

06- 19 

E 

S 

06-2S 

E 

N 

06-21 

E 

S 

06-25 

E 

s 

06-27 

E 

N 

06-23 

E 

S 

06-25 

\Y 

N 

06-39 

W 

S 

06-33 

W 

N 

06-24r 

W 

N 

06-33r 

W 

S 

06-33r 

W 

N 

06-24 

W 

S 

06-27 

w 

N 

06-30 

w . 

N 

06-30r 

w 

N 

06-34 

w 

S 

06-31r 

E 

N 

06-29r 

E 

S 

06-2S 

E 

N 

06-26 

E 

S 

06-23 

E 

N 

06-25 

h  m 
21  26  07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 
07 


Mean 
Ai 
At 


07-631 
-000 
-001 


Mean  R.A.    21  26  07-630 


B.J.  S09 
Dec.  70°  10' 


Aug.  31 
Sept.  1 
9 
10 
15 
21 
28 

Oct.  10 
17 

26 


E 
E 
E 
E 
E 
W 
W 

w 

E 
E 


21  27  30- 15 
30  09 
30-12 
30- 17 
30  15 
30- 16 
30-24 
30-21 
30-21 
30- 11 


Mean 
A, 


06-275 
•000 


Mean 
A, 
A2 


30- 161 
-001 
•003 


Mean  R.A.    21  22  06-275 


Mean  R.A.    21  27  30-163 


Groombridge  3511 
Dec.  80°  OS' 


h  m  s 

Sept.  29 

W 

S 

21  27  30-24 

Oct.  18 

E 

S 

30- 12 

20 

E 

s 

30-27 

Mean 
A, 

Mean  R.A.    21  27  30-228 


30-210 
•018 


P  Cygni 
Dec.  45°  12' 


Aug. 

Sept. 

31 

E 

N 

21  30  35-59 

1 

E 

s 

35-69 

8 

E 

S 

35-66 

9 

E 

35-58 

14 

E 

5S 

35-65 

21 

w 

35-74 

22 

W 

S 

35-64 

29 

W 

s 

35-66 

30 

\v 

N 

35-64 

Oct. 

w 

N 

35-57 

IS 

E 

S 

35-67 

26 

E 

N 

35-63 

Mean 

35-643 

Mean  R.A. 


■000 

21  30  35-643 


72  Cvgni 
Dec.  3S°  OS' 


Aug.  20 

E 

S 

21  31  05  S9 

Sept.  10 

E 

s 

05-90 

13 

E 

s 

05-92 

16 

W 

N 

05-93 

17 

W 

s 

05-95 

19 

w 

N 

05-91 

26 

w 

N 

05-87 

Oct.  10 

\v 

N 

05-87 

12 

E 

N 

05-90 

17 

E 

N 

05-94 

19 

E 

N 

05-90 

20 

E 

S 

05 -S9 

Mean 
At 


05-906 
■000 


Mean  R.A.    21  31  05-906 
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Date 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
1910-0 


B.J.  811 
Dec.  40°  01' 


Aug.  31 
Sept.  1 
8 
9 
10 
14 
15 
10 
17 
19 
21 
22 
26 
28 
29 
30 

Oct.  7 
10 
11 
12 
17 
18 
19 
20 
26 


m  s 

33  20-44 
20 -3S 
20-43 
20-41 
20-40 
20-39 
20-42 
20-41 
20-41 
20-45 
20 -4S 
20-43 
20-42 
20-46 
20-41 
20-44 
20-40 
20-39 
20-41 
20 -3S 
20-36 
20-43 
20-41 
20-43 
20-42 


Mean 
A2 


20-416 
-004 
•000 


Mean  R.A.    21  33  20-412 


B.J.  813 
Dec.  57°  05' 


Aug.  31 
Sept.  1 
8 
9 
10 
14 
15 
16 
17 
19 
21 
22 
26 
28 
29 
30 


21  36  09-90 
10  03 
09-94 
09-84 
10  05 

09-  95 
10  07 

10-  10 
10-03 
09-98 
1004 
10  06 
10  02 
10  04 
09-97 
10  04 


B.J.  S13 
(continued) 


B.J.  817 
(continued) 


Oct,  7 
10 
12 
17 
18 
19 
20 
26 


h  m  s 
21  36  10  03 
1010 
10  02 
10  04 
10-00 
10  03 
10-02 
09-96 


Oct.  10 
11 
12 
17 
18 
19 
20 


h  m  s 

21  40  36-41r 
36-36 
36-28 
36-39r 
36-29 
36-23 
36-38 


Mean 
Ai 
A2 


10011 
■004 
■000 


Mean 
A, 
A2 


36-349 
•004 
•004 


Mean  R.A.    21  36  10-015 


Mean  R.A.    21  40  36-357 


B.J.  816 


Dec. 

25°  14' 

Sept.  8 

E 

S 

2140  34-14 

16 

W 

N 

34-20r 

17 

W 

S 

34-llr 

19 

W 

N 

34-10 

22 

W 

S 

34- 15 

28 

W 

N 

34  09r 

30 

W 

N 

34-13r 

Oct  7 

W 

N 

34-08 

26 

E 

N 

34-llr 

Mean 

34-123 

A 

-•002 

A2 

■000 

Mean 

R.A.  2 

L  40  34- 121 

B.J.  817 

Dec. 

70°  54' 

Aug.  31 

E 

N 

21  40  36-34 

Sept.  1 

E 

S 

36-43 

9 

E 

N 

36- 15 

10 

E 

S 

36-49r 

13 

E 

S 

36-27r 

14 

E 

N 

36-29 

15 

E 

S 

36-38i 

21 

W 

N 

36-39r 

26 

VV 

N 

36-49 

27 

W 

S 

36-39r 

29 

W 

s 

36-31 

78  Draconis 
Dec.  71°  54' 


Aug.  31 

E 

N 

21  41  5S-57 

Sept.  1 

E 

S 

58-51r 

9 

E 

N 

58-53 

10 

E 

S 

5S-64 

13 

E 

S 

5S-69 

14 

E 

N 

58-47r 

15 

E 

S 

58-62 

21 

W 

N 

5S-74 

26 

w 

N 

58-60r 

27 

w 

S 

58-63 

29 

VV 

s 

5S-46r 

Oct.  10 

w 

N 

58-61 

11 

w 

S 

5S-60r 

12 

E 

N 

58-53r 

17 

E 

N 

58-53 

18 

E 

S 

58-57r 

19 

E 

N 

58-53r 

20 

E 

S 

58-57r 

Mean 

As 


58-578 
•004 


Mean  R.A.    21  41  58-5S2 


B.J.  821 
Dec.  4S°  54' 


Aug.  31 
Sept.  1 


E 

N 

21  43  28  01 

E 

S 

28-03 

E 

S 

28-00 

E 

N 

27-94 
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Date 


a 

a 
5 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
19100 


Date 


a 

V 

£ 

> 

hi 

0 

CO 

5 

X3 

z 

Mean  R.A. 
19100 


B.J.  821 
(continued) 


14  Pegasi 
(continued) 


h  m  s 

Sept.  10 

E 

S 

21  43  2S-02 

13 

E 

S 

28- 07 

14 

E 

N 

28  04 

15 

E 

S 

2S-03 

16 

W 

N 

27-97 

19 

W 

N 

28-12 

21 

w 

N 

2S-05 

22 

w 

S 

2S-05 

26 

w 

N 

28-06 

27 

w 

S 

28-00 

28 

w 

N 

27-99 

29 

w 

S 

27-96 

30 

w 

N 

2S-03 

Oct.  7 

w 

N 

28  01 

10 

w 

N 

27-99 

11 

w 

S 

27-99 

12 

E 

N 

2S-03 

17 

E 

N 

2S-03 

18 

E 

S 

27-96 

19 

E 

N 

2S-00 

26 

E 

N 

28  00 

Bradley  2868 
(continued) 


h  m  s 

Sept.  13 

£ 

S 

21  50  05  07 

14 

E 

N 

04-97 

15 

E 

S 

05  01 

16 

W 

N 

04-97 

19 

vv 

N 

05  04 

21 

w 

N 

05  02r 

22 

w 

S 

05  03 

26 

w 

N 

05  02 

27 

w 

S 

04-99 

28 

\Y 

N 

04-99r 

29 

W 

S 

04-98r 

30 

w 

N 

04-91 

Oct.  7 

w 

N 

05-03r 

10 

w 

N 

05  05 

12 

E 

N 

04-96 

18 

E 

S 

04-92 

19 

E 

N 

04-97 

20 

E 

S 

04-92 

Nov.  9 

E 

N 

05  06r 

Mean 
Ai 
A, 


28-015 
-002 
•000 


Mean  R.A.    21  43  28-013 


14  Pegasi 
Dec.  29°  45' 


Aug.  31 

E 

N 

21  45  51 

78 

Sept.  8 

E 

S 

51 

71 

9 

E 

N 

51 

65 

13 

E 

S 

51 

71 

14 

E 

N 

51 

74 

15 

E 

S 

51 

70 

16 

W 

N 

51 

72 

19 

w 

N 

51 

72 

21 

w 

N 

51 

73 

22 

w 

s 

51 

73 

26 

w 

N 

51 

77 

28 

w 

N 

51 

76 

29 

w 

51 

70 

30 

w 

N 

51 

75 

Oct.  7 

w 

N 

51 

72 

.  10 

w 

N 

51 

74 

11 

w 

S 

51 

71 

12 

E 

N 

51 

•65 

17 

1 

N 

51 

•73 

18 

E 

s 

51 

•70 

Oct.  19 
20 
26 

Nov.  9 


E 

N 

E 

S 

E 

N 

E 

N 

h  m  s 
21  45  51-72 
51-70 
51-65 
51-76 


Mean  51-719 
A2  -001 

Mean  R.A.    21  45  51-718 


B.J.  823 
Dec.  25°  30' 


Aug. 
Sept 

31 

E 

N 

21  48  57 

93 

8 

E 

S 

58 

Olr 

13 

E 

s 

57 

94 

14 

E 

N 

57 

9S 

15 

E 

S 

57 

98 

16 

W 

N 

58 

01 

19 

W 

N 

57 

97  r 

21 

W 

N 

57 

99 

22 

W 

S 

57 

99  r 

26 

W 

N 

57 

93 

28 

W 

N 

58 

00 

29 

W 

S 

57 

97 

30 

w 

N 

58 

00 

Oct. 

7 

w 

N 

57 

94  r 

10 

w 

N 

58 

02 

11 

w 

S 

57 

94 

12 

E 

N 

57 

S9 

17 

E 

N 

57 

92 

18 

E 

S 

57 

96 

19 

E 

N 

57 

94 

20 

E 

S 

57 

90 

Nov 

9 

E 

N 

57 

■95 

Mean 
A, 
Ai 


57-962 
-005 
-001 


Mean  R.A.    21  48  57-956 


Bradlev  2S6S 
Dec.  55°  47' 


Mean 
A, 

Mean  R.A. 


04-993 
•000 

21  50  04-993 


79  Draconis 


Dec. 

73° 

17' 

Aug.  31 

E 

N 

21  51  44- 19 

Sept.  1 

E 

S 

43-93 

10 

E 

S 

44- 19 

27 

W 

S 

44  07 

Oct.  11 

W 

S 

44- 13 

17 

E 

N 

44  02 

18 

E 

S 

44  05 

20 

E 

S 

44  07 

Mean 
A, 

A2 

Mean  R.A. 


44-081 
•000 
•Oil 

21  51  44092 


13  Cephei 
Dec.  56°  11' 


Aug.  31 
Sept.  1 
8 
10 


E 

N 

21  50  04-96 

Sept.  8 

E 

S 

21  51  51-56 

E 

S 

04-95 

13 

E 

S 

51-62 

E 

S 

04-97 

14 

E 

N 

51-56r 

E 

s 

05  05 

15 

E 

S 

51-53 
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Date 


— 

O 


Mean  R.A. 
19100 


Date 


a 

S 

O 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
1910-0 


13  Cephei 


Bradley  2897 


B.J.  831 


(continued) 

Dec. 

74° 

34' 

Dec. 

24°  54' 

h  m  s 

h  m  s 

h  m  s 

Sept.  16 

W 

N 

21  51  51-57 

Aug.  31 

E 

N 

21  56  59-88 

Aug.  31 

E 

N 

22  02  49-23 

19 

w 

N 

51-54r 

Sept.  1 

E 

S 

59-74i 

Sept.  13 

E 

S 

49-21 

21 

w 

N 

51-59 

10 

E 

S 

59-95 

14 

E 

N 

49- 19 

22 

w 

S 

51-57r 

27 

W 

s 

59-80r 

15 

E 

S 

49-23 

26 

w 

N 

51-55i 

28 

w 

N 

59-96i 

16 

W 

N 

49-26 

28 

w 

N 

51-60 

29 

w 

S 

59-74 

19 

W 

N 

49-17 

29 

w 

S 

51-49 

Oct,  10 

w 

N 

59-75 

21 

W 

N 

49-20 

30 

w 

N 

51-53r 

12 

E 

N 

59-68 

22 

w 

S 

49  19 

Oct.  7 

\Y 

N 

51-62 

17 

E 

N 

59-79r 

26 

w 

N 

49  18 

10 

W 

N 

51-50r 

19 

E 

N 

59-61 

28 

w 

N 

49-22 

12 

E 

N 

51-49i 

20 

E 

S 

59-78 

29 

w 

S 

49-22 

19 

E 

N 

51-54i 

21 

E 

S 

59-78r 

30 

w 

N 

49-17 

21 

E 

S 

51-57 

Nov.  9 

E 

N 

59-78 

Oct.  3 

w 

N 

49-22 

Nov.  9 

E 

N 

51-51 

7 

w 

N 

49  15 

10 

w 

N 

49-26 

11 

w 

S 

49-17 

Mean 

59-788 

12 

E 

N 

49-17 

Mean 

51-552 

A2 

•006 

17 

E 

N 

49-22 

A; 

-002 

18 

E 

S 

49-23 

Mean  R.A 

.    21  56  59-794 

19 

E 

N 

49- 15 

20 

E 

S 

49-20 

Mean  R.A 

.    21  51  51-550 

21 

E 

s 

49  19 

26 

E 

N 

49-23 

B.J.  826 
Dec.  12°  41' 


16  Cephei 
Dec.  72°  45' 


Mean 
A, 
A2 


49-203 
•003 
-001 


Sept 

iS 

E 

s 

21  56  42-24 

E 

s 

42-21 

14 

E 

N 

42-26 

15 

E 

s 

42-19 

16 

W 

N 

42-24 

19 

w 

N 

42-28 

21 

w 

N 

42-24 

22 

w 

S 

42-21 

26 

w 

N 

42-24 

30 

w 

N 

42-29 

Oct. 

7 

w 

N 

42-23 

11 

w 

S 

42-27 

18 

E 

s 

42-29 

Sept.  13  E 

14  E 

15  E 

26  \V 

27  !  W 

28  \V 

29  W 


Oct.  10 
11 
12 
17 
18 


W 

w 

E 
E 
E 
19  E 


20 
21 

Nov.  9 


21  57  58-06 

57-  96 
58  03r 

58-  06 

57-  98 

58-  12 
57-90r 
57-98r 
58  03 
58  00 
57-87 
57 -mi 
57-95i 
57-95i 
57-98 
5S06i 


Mean  R.A.     22  02  49-205 


B.J.  833 
Dec.  32°  44' 


Mean 
Ai 

A2 


42-245 
-002 
-000 


Mean 
A, 


57-993 
•004 


Mean  R.A.     21  56  42-247 


Mean  R.A.    21  57  57-997 


Aug.  31 

E 

N 

22  05  14-23 

Sept.  10 

E 

S 

14-29r 

13 

E 

S 

14-28r 

14 

E 

N 

14-2Sr 

15 

E 

S 

14-25 

16 

W 

N 

1419r 

19 

W 

N 

14-25 

21 

w 

N 

14-22r 

22 

w 

S 

14-26 

26 

w 

N 

14  -28 

27 

w 

S 

14-28r 

28 

w 

N 

14-23r 

29 

w 

S 

14-29 

30 

w 

N 

14-29 

25a— 31 
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Date 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
1910-0 


Date 


— 

a 

0 


Mean  R.A. 
19100 


B.J.  833 
(continued) 


28  Pegasi 
Dec.  20°  32' 


B.J.  837 
(continued) 


Oct.  3 
7 
10 
11 
12 
17 
18 
19 
20 
21 
26 

Nov.  9 


h  m  s 
22  05  14-21i 
14-36i 
14-32 
14-23 
14-28 
14-24 
14-25 
14-28 
14-25 
14-27 
14-25 
14-27 


h  m  s 

Sept.  13 

E 

S 

22  06  14-87 

15 

E 

S 

14-85 

29 

W 

s 

14-88 

Oct.  11 

W 

s 

14-90 

18 

E 

s 

14-88 

21 

E 

s 

14-91 

Mean 
A, 


14-263 
-003 
-001 


Mean  R.A.    22  05  14-259 


B.J.  835 
Dec.  32°  44' 


Aug.  31 
Sept.  10 
14 
16 
19 
21 
22 
26 
27 
28 
30 
3 
7 
1(1 
12 
17 
19 
20 
26 
9 


E 
E 
E 
W 


N 
S 
N 
N 


W  N 
W  N 

W  i  S 


Oct. 


Nov. 


W  N 
W  N 


N 
N 
N 
S 
N 
N 


22  05  59  -35 
59-30 
59-31 
59-38 
59-35  r| 
59-28 
59-43r 
59-33r 
59-27 
59-32 
59-33  r| 
59-29 
59-37 
59-32r 
59-42r 
59-33 
59-35r 
59-30r 
59-34 
59-23 


Mean 
A, 
A2 


59-330 
•004 
-001 


Mean  R.A.    22  05  59-333 


Mean 
At 


14-SS2 
•002 


Mean  R.A.    22  06  14-884 


B.J.  836 
Dec.  57°  45' 


Aug.  31 

E 

N 

22  07  43-78 

Sept.  16 

W 

N 

43-S8 

19 

w 

N 

43-81 

22 

w 

§ 

43-82 

26 

w 

43-79 

30 

w 

N 

43-84 

Oct.  3 

w 

N 

43-85 

7 

w 

N 

43-81 

10 

w 

N 

43-76 

26 

E 

N 

43-81 

Nov.  2 

E 

N 

43-88 

Mean 
A. 
A2 


43-821 
-003 
-005 


Mean  R.A.    22  07  43-813 


B.J.  837 
Dec.  71°  54' 


Sept.  10 

E 

S 

22  08  04-86 

13 

E 

s 

04-83 

14 

E 

N 

04-88 

15 

E 

S 

04-79 

27 

W 

s 

04-57 

28 

W 

N 

04-87 

29 

vv 

S 

04-74 

Oct.  11 

w 

s 

04-83 

12 

E 

N 

04-76 

17 

E 

N 

04-81 

19 

20 


E 

S 

E 

n  : 

E 

S 

E 

s 

E 

N 

h  m 


8 

04-77 
04-71 
04-70 
04-88 
04-74 


Mean 
Ai 

A2 


04-783 
-005 
•007 


Mean  R.A.    22  08  04-785 


1  H.Lacertae 
Dec.  39°  16' 


Aug.  31 

E 

N 

22  10  00-S7 

Sept.  10 

E 

S 

00-86 

13 

E 

S 

00-84 

14 

E 

N 

00-79 

15 

E 

S 

00-78 

16 

W 

N 

00-82- 

19 

W 

N 

00-75 

21 

W 

N 

00-82 

22 

W 

s 

00-88 

26 

W 

N 

00-80 

27 

W 

S 

00-84 

28 

W 

N 

00-98 

29 

W 

S 

00-84 

30 

W 

N 

00-80 

Oct.  3 

W 

N 

00-78 

7 

W 

N 

00-75 

10 

W 

N 

00-82 

12 

E 

N 

00-76 

17 

E 

N 

00-79 

18 

E 

S 

00-81 

19 

E 

N 

00-79 

20 

E 

S 

00-78 

21 

E 

S 

00-82 

26 

E 

N 

00-81 

Nov.  2 

E 

N 

00-85 

9 

E 

N 

00-81 

Mean 

Aj 


00-816 
•000 


Mean  R.A.    22  10  00-816 
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Date 


g 

a 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
1910-0 


Bradley  2942 
Dec.  72°  52' 


B.D.  70  1240 

(continued) 


28  Cephei 
Dec.  78°  20' 


Sept.  10 
13 
14 

15 
21 
26 
27 
29 

Oct.  10 
11 
12 
18 
19 
20 
21 

Nov.  2 


8 

15-22 
15-23 
15  12 
1510 
15  07 
15  13 
15- 10 
1506 
1503 

14-  95 

15-  13 
15-02 
15-03 
15  07 
15-OS 
15-24 


Mean 
A, 


15-099 
•004 


Mean  R.A.    22  11  15- 103 


B.J.  844 
Dec.  51°  47' 


Sept.  30 


W 


N 


22  20  01  •  140 


Ai 


•002 
■007 


Mean  R.A.    22  20  01-13 


B.D.  70- 1240 
Dec.  70°  19' 


Sept.  10 

E 

s 

22  23  41-22 

13 

E 

s 

41  14 

15 

E 

s 

41  07 

21 

VV 

N 

40-98 

27 

\v 

s 

40- S9 

28 

w 

N 

41  10 

29 

\v 

s 

4108 

Oct.  10 
12 
17 
18 
19 
21 

Nov.  2 
9 


VV 

N 

22  23  41  05 

E 

N 

41-21 

E 

N 

41  05 

E 

S 

4104 

E 

N 

40-95 

E 

S 

41  10 

E 

N 

41  16 

E 

N 

40-94 

Sept.  10  E 

13  E 

15  E 

27  W 

29  W 

Oct.  12  E 


h   in  S 
22  26  02-42r 
02-44 
02-35 
02-23r 
0215 
01-87 


Mean 
A, 


41065 
•004 


Mean 
Ai 

Mean  R.A. 


02-243 
•013 

22  26  02-256 


Mean  R.A.    22  23  41  069 


B.J.  848 
Dec.  49°  49' 


B.J.  847 

Sent.  10 

E 

S 

22  27  34 

89 

Dec.  57°  57' 

13 

E 

s 

34 

V.I 

15 

E 

s 

34 

81 

21 

W 

N 

34 

79 

Sept. 21 

W 

N 

22  25  49-47 

22 

w 

s 

34 

86 

28 

w 

N 

49-53 

27 

w 

s 

34 

86 

30 

w 

N 

49-59 

28 

w 

N 

34 

VN 

Oct.  3 

w 

N 

4'.  i- tit) 

29 

w 

S 

34 

SO 

7 

w 

N 

49-53 

30 

w 

N 

34 

Ml 

10 

w 

N 

49-57 

Oct. 

3 

w 

N 

34 

S5 

17 

E 

N 

49-64 

7 

w 

N 

34 

72 

19 

E 

N 

49-53 

10 

w 

N 

34 

79 

26 

E 

N 

49-61 

12 

E 

N 

34 

86 

Nov.  2 

E 

N  , 

49-68 

17 

E 

N 

34 

sf, 

9 

E 

N 

49-55 

18 
19 

E 
E 

S 
N 

34 
34 

83 

Ml 

21 

E 

S 

34 

Ml 

Mean 

49-573 

26 

E 

N 

34 

B6 

A, 

■003 

Nov 

2 

E 

N 

34 

89 

As 

-004 

9 

E 

N 

34 

85 

Mean  R.A 

.    22  25  49-572 

20 

W 

S 

34 

87 

38  Pegasi 
Dec.  32°  07' 


Sept.  22 

W 

S 

22  25  54-70 

Oct.  18 

E 

s 

54-69 

21 

E 

s 

54-74 

Nov.  20 

W 

s 

54-70 

Mean 
A, 

Ai 

Mean  R.A. 


34-839 
-002 
•000 

22  27  34-837 


29  Cephei 
Dec.  78°  22' 


Mean 
Aj 

Mean  R.A.    22  25  54-710 


54-70S 
■002 


Sept.  10  I  E 

13  I  E 

15  E 

21  W 


22  29  05-67 
05-62r 
05-53r 
05-45 
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Date 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
19100 


Date 


la 

> 

c 

M 

a 

0 

tc 

Z 

Mean  R.A. 
19100 


29  Cephei 
(continued) 


B.J.  Sol 
(continued) 


Groombridge  3857 
(continued) 


Sept.  27 
28 
29 

Oct.  10 
12 
17 
18 
19 

Nov.  2 


w 

s 

w 

N 

w 

S 

w 

N 

E 

N 

E 

N 

E 

S 

E 

N 

E 

N 

W 

S 

h  m  s 
22  29  05  -52 
05-54 
05-47i 
05-41 
05-53 
05-38 
05-45 
05-34 
05-80 
05-51 


h  m  s 

Oct.  10 

W 

N 

22  33  32-63 

12 

E 

N 

32-70 

17 

E 

N 

32-60 

18 

E 

S 

32-72 

19 

E 

N 

32-43 

Nov.  2 

E 

N 

32-76 

8 

E 

S 

32-67 

9 

E 

N 

32-73 

20 

\Y 

S 

32-65 

Mean 

At 


05-516 
•003 


Moan 
A, 

A, 


32-705 
-005 
•004 


Mean  R.A.    22  29  05-519 


Mean  R.A.    22  33  32-704 


226  B. Cephei 
Dec.  75°  46' 


B.J.  852 
Dec.  38°  35' 


Sept.  10 

E 

s 

22  30  41-85 

27 

W 

s 

41-60 

28 

w 

N 

41-85 

Oct.  10 

w 

N 

41-51 

17 

E 

N 

41-58 

18 

E 

S 

41-53 

19 

E 

N 

41-67 

21 

E 

S 

41-67 

Nov.  2 

E 

N 

41-78 

9 

E 

N 

41-58 

20 

W 

S 

41-63 

Sept.  21 

W 

N 

22  35  13- 13 

28 

W 

N 

13-22 

30 

w 

N 

13-23 

Oct.  3 

w 

N 

13-22 

7 

w 

N  1 

13-22 

10 

w 

N 

13-23 

12 

E 

N 

13- 16 

17 

E 

N 

13-24 

19 

E 

N 

13  16 

26 

E 

N 

13-27 

Nov.  2 

E 

N 

13-30 

9 

E 

N 

13-26 

Mean 
A, 
Aj 


41-659 
•004 
•004 


Mean 
A, 
A: 


13-220 
■003 
-002 


Mean  R.A.    22  30  41-667 


Mean  R.A.    22  35  13-221 


B.J.  851 
Dec.  73°  11' 


Groombridge  3857 
Dec.  74°  54' 


Sept.  10 

Sept.  10 

E 

s 

22  33  32 -S6 

13 

13 

E 

s 

32-88 

15 

15 

E 

s 

32-78 

27 

21 

W 

N 

32-61 

29 

27 

W 

s 

32-68 

Oct.  18 

28 

w 

N 

32-87 

21 

29 

w 

S 

32-71 

Nov. 20 

E 

s 

22  35  17-46 

E 

s 

17-33 

E 

s 

17-26 

W 

s 

17-22 

vv 

s 

17-28 

E 

s 

17- 12 

E 

s 

17-23 

W 

s 

17-21 

u  m  8 
Mean  22  35  17-264 
A,  010 

Mean  R.A.    22  35  17-274 


B.J.  853 
Dec.  63°  07' 


Nov.  8  E 


22  35  27  - 100 


•005 
•012 


Mean  R.A.    22  35  27  107 


B.J.  S55 
Dec.  10°  22' 


Oct. 


13 

E 

S 

22  36  58-39 

15 

E 

S 

5S-33 

21 

W 

N 

58-41 

28 

W 

N 

58-35r 

30 

W 

N 

58-41 

7 

W 

N 

58-42 

10 

W 

N 

58-42r 

12 

E 

N 

58-39 

17 

E 

N 

5S-39r 

IS 

E 

S 

5S-38 

19 

E 

N 

58-39 

21 

E 

S 

58-35r 

26 

E 

N 

58-41r 

.  2 

E 

N 

58-43 

8 

E 

S 

58-36 

9 

E 

N 

58-36r 

20 

W 

S 

5S-45r 

Mean 
A, 
Ai 


58-391 
-004 
-001 


Mean  R.A.    22  36  5S-3S6 
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SRSSIONAL  PAPER  No.  25a 


LEDGERS  OF  MEAN  RIGHT  ASCENSION,  \9lQ-0-ContiniuJ. 


Date 


c 

a 
5 


Mean  R.A. 
1910-0 


Date 


a 

§ 

09 

0 


Mean  R.A. 
1910  0 


Date 


c 
= 

O 


Mean  R.A. 
19100 


B.J.  857 
Dec.  29°  45' 


B.J.  859 
Dec.  23°  00' 


h  in  s 

Sept.  13 

E 

s . 

22  38  46-S8 

15 

E 

s 

46-88 

21 

W 

N 

46 -S9 

28 

W 

N 

46-86 

30 

W 

N 

46-83 

Oct.  3 

w 

N 

46-84 

7 

W 

N 

u;  vi 

10 

W 

N 

46-92 

17 

E 

N 

46-90 

18 

E 

S 

46-90 

19 

E 

N 

46-89 

Nov.  2 

E 

N 

46-97 

8 

E 

S 

46-88 

9 

E 

N 

46-93 

20 

W 

S 

46-91 

Sept.  15 
21 

28 
30 

Oct.  3 

10 
12 
17 
18 
19 
21 

Nov.  2 
8 
9 
20 


Mean 
Ai 

Aj 


46-891 
-003 
•000 


K 

s 

W 

N 

W 

N 

w 

N 

w 

N 

w 

N 

w 

N 

E 

N 

E 

N 

E 

S 

E 

N 

E 

S 

E 

N 

E 

S 

E 

N 

W 

S 

h  m  i 
22  42  11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


69 
69r 
73  r 
70 
75 

lis 

68i 

69 

73i 

65  r 

69 

70i 

73 

66 

73 

67 


Mean  R.A.     22  38  46-SS8 


Mean 
A, 
At 


11-69S 
•001 
-001 


Mean  R.A.     22  42  11-698 


B.J.  S58 


Dec. 

41° 

21' 

Sept.  10 

E 

S 

22  40  04-58i 

15 

E 

S 

04-46 

21 

W 

N 

ill  -  Ifi 

27 

W 

S 

04-481 

28 

w 

N 

(U-.-,Oi 

30 

w 

N 

04-53 

Oct.  3 

w 

N 

oiii:; 

7 

w 

N 

04-3S 

10 

w 

N 

04-46r 

12 

E 

N 

04-49 

17 

E 

N 

04-46r 

18 

E 

S 

04-  IS 

19 

E 

N 

04-45 

21 

E 

S 

01-  Is, 

Nov.  2 

E 

N 

04-46 

8 

E 

S 

04-48r 

9 

E 

N 

04-45i 

20 

W 

s 

04-48 

B.J.  S62 
Dec.  24°  08' 


Sept.  15 

E 

S 

22  45  39-46r 

21 

W 

N 

39-46 

28 

W 

N 

39-48 

30 

W 

N 

39 • 13  r 

Oct.  3 

w 

N 

39-  13 

7 

w 

N 

39-46r 

10 

w 

N 

39-46 

17 

E 

N 

39-48 

18 

E 

S 

39-46 

19 

E 

N 

39-52r 

21 

E 

S 

39-48 

Nov.  2 

E 

N 

39-45r 

9 

E 

N 

39-49 

Mean 
A, 
A, 


04-482 
-002 
-001 


Mean 
Ai 

A, 


39-466 
-002 
-001 


Mean  R.A.    22  40  04-479 


Mean  R.A.    22  45  39-463 


B.J.  S63 


Dec. 

65°  44' 

h  m  s 

Nov.  8 

E 

S 

22  46  28-34 

20 

W 

S 

28-35 

Mean 
A, 

Ai 


28-345 
-005 
-004 


Mean  R.A.    22  46  28-344 


52  Pegasi 


Dec.  11° 

15' 

Sept.  15 

E 

s 

22  54  41 

64 

21 

VV 

N 

41 

61  r 

22 

W 

S 

41 

64 

28 

W 

N 

41 

59 

29 

W 

S 

41 

63 

Oct.  7 

W 

N 

41 

67  r 

10 

W 

N 

41 

65 

17 

E 

N 

41 

64 

18 

E 

S 

41 

:>Sr 

19 

E 

N 

41 

65  r 

20 

E 

S 

41 

63 

21 

E 

S 

41 

60 

Nov.  8 

E 

s 

41 

58  r 

9 

E 

s 

41 

64 

20 

W 

41 

60 

Mean 
Aj 


41-623 
■000 


Mean  R.A.    22  54  41  023 


B.J.  869 
Dec.  41°  51' 


Sept.  10 

E 

s 

22  57  46-63 

15 

E 

s 

46-65r 

21 

W 

N 

46-54r 

22 

W 

s 

46-65 

27 

W 

s 

46-56 

28 

w 

N 

46-62 

29 

w 

s 

46-60r 
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U 

a. 
E 

> 

oj 

O 

o 

CO 

Date 


a 

a 

cS 

o 


Mean  H.A. 
19100 


Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


B.J.  869 
(continued) 


B.J.  871 
(continued) 


h  m 


Oct.  3 

W 

N 

22  57  46-68 

7 

w 

N 

46-65r 

10 

w 

N 

46-64 

17 

E 

N 

46-53 

18 

E 

S 

46-62r 

19 

E 

N 

40-01r 

20 

E 

S 

46-61 

21 

E 

S 

46-63 

Nov.  2 

E 

N 

46-63r 

8 

E 

S 

46-57 

9 

E 

N 

46-54 

20 

W 

S 

46-59r 

Oct.  18 
20 

Nov.  2 
8 
9 
20 


Mean 
A, 
A, 


46-608 
•003 
■000 


Mean  R.A.    22  57  46-611 


B.J.  870 
Dec.  27°  36' 


Sept.  15 

E 

S 

22  59  24-60 

21 

W 

N 

24-53 

28 

w 

N 

24-65 

29 

w 

S 

24-56 

Oct.  3 

w 

N 

24 -5S 

7 

W 

N 

24-64 

10 

w 

N 

24-61 

17 

E 

N 

24-54 

19 

E 

N 

24-60 

21 

E 

S 

24-58 

Nov.  2 

E 

N 

24-60 

9 

E 

N 

24-54 

Mean 
A, 
A> 


24-5S6 
-005 
-001 


Mean  R.A.    22  59  24-5S0 


B.J.  S71 
Dec.  14°  43' 


Sept,  21 

W 

N 

23  00  16-60 

22 

W 

s 

16-60 

29 

w 

s 

16-58 

Oct.  7 

w 

N 

16-62 

h  m  s 
23  00  16-60 
16-63 
16-64 
16-62 
16-66 
16-56 


Mian 
A, 

At 


16-611 
•000 
•000 


Mean  R.A.    23  00  16-611 


5  Andromedae 
Dec.  48°  48' 


Sept.  10 

E 

S 

23  03  40-01 

15 

E 

S 

39-91 

21 

W 

N 

39-91 

27 

\Y 

S 

39-92 

29 

W 

s 

39-92 

Oct.  7 

w 

N 

39-85 

17 

39-88 

18 

1 

8 

39-85 

20 

E 

s 

39-90 

21 

E 

s 

39-87 

Nov.  2 

E 

N 

39-90 

4 

E 

N 

39-83 

9 

E 

N 

39-86 

20 

W 

S 

39-87 

Mean 
A2 


39-S91 
•001 


Mean  R.A.    23  03  39-892 


B.J.  S74 
Dec.  74°  54' 


Sept.  10 
15 
21 
27 
29 
10 
17 


Oct. 


E 

s 

E 

s 

\Y 

N 

\\ 

s 

W 

s 

W 

N 

E 

N 

23  05  02  13r 
01-94 

01-.SJ 
01-92 
01S3r 
01-74 
01  -s,s 


B.J.  874 
(continued) 


Oct.  IS 
20 
21 

Nov.  2 
4 
8 
9 
20 


b  m  s 

E 

S 

23  05  01-81 

E 

s 

01-92 

E 

s 

01-93r 

E 

N 

01-79 

E 

N 

01-67 

E 

S 

01-S8r 

E 

N 

01-87r 

w 

8 

01-86r 

Mean  01-866 

Ai  -005 

A]  007 

Mean  R.A.  23  05  01-868 


B.J.  S75 
Dec.  56°  40' 


Sept.  10 

E 

S 

23  08  56-67 

15 

E 

S 

56-65 

21 

W 

N 

56-58 

27 

w 

S 

56-69 

29 

W 

S 

56-62 

Oct.  3 

W 

N 

56-68 

7 

\Y 

N 

56-68 

10 

W 

N 

56-61 

17 

E 

N 

56  -54 

18 

E 

S 

56-59 

19 

■  E 

N 

56-60 

20 

E 

S 

56-64 

21 

E 

s 

56-55 

Nov.  2 

E 

N 

56-62 

4 

E 

N 

56-53 

8 

E 

S 

56-58 

9 

E 

N 

56-55 

20 

\Y 

S 

56-64 

Mean  56-612 

A,  -003 

A;  002 

Mean  R.A.  23  08  56-611 


Bradley  30S5 
Dec.  73°  44' 


Sept.  10 
21 
27 


E 

s 

23  11  24-93 

W 

N 

24-75 

W 

S 

24-83 
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Date 


a 

S 

08 

o 


Mean  It. A, 
1910  0 


Date 


Mean  R.A. 
1910-0 


Date 


a. 

09 

a 

> 

a! 

m 

3 

SI 

O 

Mean  R.A. 
19100 


Bradley  3085 
(continued) 


o  Cephei 
Dec.  67°  37' 


B.J.  881 
Dec.  22°  55' 


h  in  s 

Sept.  29 

W 

s 

23  11  24-90 

Oct.  17 

E 

N 

2  1  ■  S2 

18 

E 

S 

24-78 

20 

E 

s 

24-89 

21 

E 

s 

24-78 

Nov.  2 

E 

N 

24-68 

8 

E 

s 

24-77 

9 

E 

N 

24-80 

20 

W 

S 

24-90 

h  m  s 

Sept.  21 

W 

N 

23  20  53-14 

29 

W 

S 

53-14r 

Oct.  3 

W 

N 

53-13 

7 

W 

N 

53-21 

10 

w 

N 

53-17 

17 

E 

N 

53-14 

18 

E 

S 

53-15r 

20 

E 

S 

53-17 

21 

E 

s 

5313 

Nov.  2 

E 

N 

53-08r 

4 

E 

N 

53-13r 

8 

E 

S 

53-13 

9 

E 

N 

53-11 

Mean 
A, 


24-819 
•007 


Mean  R.A.    23  11  24-826 


Bradlev  3086 
Dec.  70°  24' 


Oct. 

17 

E 

N 

23  12  09-08 

Nov. 

4 

E 

N 

0S-S9 

9 

E 

N 

09-10 

Mean 
At 


09  023 
•007 


Mean  R.A.    23  12  09  030 


Groombridgc  4033 
Dec.  74°  48' 


Sept.  10 

E 

s 

23  14  08-44 

21 

VV 

N 

OS -23 

I  27 

w 

S 

tis;;-.ir 

Oct.  10 

w 

N 

08-26 

17 

E 

N 

lis  Js 

18 

E 

S 

0S-2Sr 

20 

E 

s 

os 

21 

E 

s 

OS  •  22 

Nov.  2 

E 

N 

1  is  1  7  r 

9 

E 

N 

OS- •_•'.! 

20 

VV 

S 

08-26 

27 

W 

s 

08-38 

Mean 
At 


OS.'JSII 

•004 


Mean  R.A.    23  14  OS-293 


Nov.  4 
8 


E 

N 

E 

S 

h  m  s 
23  14  55-22 
55-28 


Mean 
A, 


55-250 
•003 
■010 


Mean  R.A.    23  14  55-263 


B.J.  S80 
Dec.  23°  15' 


Sept.  21 
29 

Oct.  3 
10 
17 


VV 
W 

w 
vv 

E 


18  !  E 

20  E 

21  E 
Nov.  2  E 

4  E 

8  E 

9  E 
20  VV 
27  W 


23  16  10-87 
10-79 
10-82 
10-90r 
10S0r 
10-83 
10-87 
10-83r 
10-81 
10-83 
10-83r 
10-85r 
10-84r 
10-S3 


Moan 
Ai 
At 


10-S36 
-002 
■000 


Mean  R.A.    23  16  10-834 


B.J.  882 
Dec.  61°  47' 


Nov.  20 

W 

S 

23  20  50-18 

27 

W 

s 

50-07 

Mean 
A, 
At 


50- 125 
-004 
-004 


Mean  R.A.    23  20  50- in 


Mean 
Ai 
At 


53141 
-001 
•000 


Mean  R.A.    23  20  53-140 


B.J.  885 
Dec.  12°  16' 


Sept.  29 

W 

s 

23  24  36 

12 

Oct.  7 

W 

N 

36 

18 

17 

E 

N 

36 

13 

18 

E 

S 

36 

13 

20 

E 

s 

36 

10 

21 

E 

s 

36 

12 

Nov.  2 

E 

N 

36 

12 

4 

E 

N 

36 

in 

8 

E 

S 

36 

13 

9 

E 

N 

36 

13 

20 

VV 

S 

36 

15 

27 

W 

S 

36 

18 

Mean 
A, 
At 


36- 132 
-005 
•000 


Mean  R.A.    23  24  36  127 
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Date 


a 
S 

eS 
O 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
1910  0 


1  H.Cassiopeiae 
Dec.  58°  03' 


h  m  s 

Sept.  10 

E 

S 

23  25  52-36 

Oct,  21 

E 

S 

52-16 

Nov.  27 

W 

s 

52-29 

Mean 
A2 


52-270 
•005 


Mean  R.A.    23  25  52-275 


15  Andromedae 


Dec. 

39°  44' 

Oct. 

21 

E 

S 

23  30 

13 

12 

Nov. 

9 

E 

N 

13 

11 

27 

VV 

S 

13 

19 

Mean 
A2 


13- 140 
•001 


Mean  R.A.    23  30  13- 141 


Bradley  3140 
Dec.  71°  09' 


Mean 
A2 


04  180 
•011 


Mean  R.A.    23  31  04- 191 


B.J.  890 
Dec.  45°  58' 


B.J.  893 
Dec.  77°  08' 


h  m  s 

Sept.  29 

W 

S 

23  33  09-27 

Oct.  3 

w 

N 

09-24 

17 

E 

N 

09-25 

18 

E 

S 

09-26 

20 

E 

s 

09-24r 

21 

E 

s 

09-25 

Nov.  2 

E 

N 

09-22 

4 

E 

N 

09-20 

8 

E 

S 

09-26r 

9 

E 

N 

09-28 

20 

W 

S 

09-30r 

27 

W 

S 

09-33 

Mean 
A, 
At 


09-258 
•004 
•001 


Mean  R.A.    23  33  09-263 


B.J.  891 
Dec.  42°  46' 


Sept, 

7 

E 

S 

23  33  4306 

Nov. 

4 

E 

N 

43  02 

9 

E 

N 

4316 

Oct.  17 

E 

N 

23  31  04- 18 

20 

E 

S 

04-33 

Nov.  2 

E 

N 

0418 

4 

E 

N 

04  03 

Mean 
Ai 
A2 


43-080 
-002 
•001 


Mean  R.A.    23  33  43  079 


Groonibridge  4119 


Nov.  4 


N 


h  m  8  J 
23  35  38-270 


Dec. 

74° 

48' 

Sept,  29 

W 

S 

23  35  18  03 

Oct.  17 

E 

N 

17-92 

18 

E 

S 

17-97 

20 

E 

S 

IS -08 

Nov.  8 

E 

s 

17-94 

Mean 

17-988 

Aj 

•014 

Mean  R.A 

.    23  35  IS  002 

A, 
A2 


-002 
•013 


Mean  R.A.    23  35  38-281 


k  Andromedae 
Dec.  43°  50' 


Sept.  7 
Oct.  21 
Nov.  2 
9 

20 


E 

s 

23  35 

E 

s 

58-26 

E 

N 

58-22 

E 

N 

W 

S 

:,s  ■_'!;, 

Mean 
A, 
A2 


58-236 
-005 
•002 


Mean  R.A.     23  35  5S-233 


ip  Andromedae 
Dec.  45°  55' 


Sept.  7 
29 

Oct.  17 
18 
20 
21 

Nov.  2 
4 
9 
20 
27 


E 
W 
E 
E 
E 
K 


E  N 


E 
E 
VV 
\Y 


23  41  34- 13 
34  15 
34  06 
3417r 
34  16 
34-14r 
34  14 
34-12r 
34-25r 
34-20 
3414r 


Mean 
A, 
A2 


34- 151 
•004 
•002 


Mean  R.A.    23  41  34- 157 
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Date 


Mean  R.A 
19100 


Date 


a 

u 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
19100 


B.J.  895 
Dec.  67°  18' 


h  m  8 

Nov. 

4 

E 

N 

23  L3  35  B7r 

8 

E 

S 

35-94 

9 

E 

N 

35-91 

20 

W 

S 

35-99 

27 

W 

S 

35-96 

Dec. 

10 

W 

s 

35-95 

Mean 
At 

A; 


3.5-937 
-005 
■001 


Mean  R.A.     23  43  35-933 


B.J.  S9S 
Dec.  18°  37' 


Sept.  7 

E 

S 

23  47  54-42 

Oct.  17 

E 

N 

54-50 

Nov.  4 

E 

N 

54-50 

8 

E 

8 

54-42 

Mean 

A, 
At 


54-460 
-001 
-001 


Mean  R.A.    23  47  54-45S 


Groonibridgc  4154 


Dec. 

75° 

03' 

Oct.  18 

E 

S 

23  4S  00-59 

20 

E 

s 

00-67 

21 

E 

s 

00-54 

Nov.  2 

E 

N 

00-53 

9 

E 

N 

00-61 

20 

W 

S 

00-62 

27 

w 

s 

00-66 

Mean 
At 


00-603 
•010 


Mean  R.A.    23  48  00  013 


B.J.  899 
Dec.  57°  00' 


B.J.  1 
Dec.  2S°  36' 


h  m  s 

Sept.  7 

E 

S 

23  49  52-82 

Oct.  17 

E 

N 

52-75 

Nov.  4 

E 

N 

52-74 

8 

E 

S 

52-80 

Nov.  2 
4 
9 

Dec.  10 


hin  8 

E 

N 

0  03  43-96 

E 

N 

43-96 

E 

N 

43-91 

W 

S 

43-97 

Mi 


Mean 
A, 
At 

an  R.A. 


52-778 
•002 
•006 

23  49  52-786 


Groombridge  4163 
Dec.  73°  55' 


Oct.  18 

E 

S 

23  50  26-29 

20 

E 

s 

26-25 

21 

E 

s 

26-23 

Nov.  2 

E 

N 

26-24 

9 

E 

N 

26-34 

20 

W 

S 

26-35 

27 

W 

s 

26-33r 

Dec.  10 

W 

s 

26-49i 

Mean 
A, 
At 


26-315 
-005 
•007 


Mean  R.A.    23  50  26-317 


4>  Pegasi 
Dec.  24°  38' 


Sept.  7 

E 

s 

23  53  10-20 

Oct.  17 

N 

10- 15 

18 

1 

S 

1018 

20 

E 

s 

10-23 

21 

E 

s 

10-23 

Nov.  2 

E 

N 

10- 19 

4 

E 

N 

10-24 

8 

E 

S 

10-23 

9 

E 

N 

10-25 

20 

VV 

S 

10-21 

27 

w 

S 

10-22 

Dec.  10 

W 

s 

10-23 

Mean 

10-213 

A, 

•001 

Mean  R.A.    23  53  10-214 


Mean 
A, 
1- 


43-950 
-002 
-001 


Mean  R.A.      0  03  43-947 


Bradley  3217 


Dec. 

79° 

13' 

Sept.  27 

W 

S 

0  04  20-91 

Oct.  18 

E 

I 

20-81 

20 

E 

20-80 

21 

E 

S 

20-81 

Nov.  8 

E 

s 

20-78 

20 

W 

s 

20-65 

w 

s 

20-84 

Mean  20-SOO 
A2  013 

Mean  R.A.      0  04  20-813 


B.J.  2 
Dec.  58°  39' 


Nov.  2 

E 

N 

0  04  21 

98 

9 

E 

N 

22 

10 

Mean 
A, 
A, 


22-040 
•004 
•003 


Mean  R.A.      0  04  22  047 
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Date 


Mean  R.A. 
1910-0 


Date 


§ 

u 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
1910  0 


B.J.  4 


Dec.  45° 

34' 

h  m  s 

Sept.  27 

W 

s 

0  05  38-31 

Oct.  20 

E 

s 

38-29 

21 

E 

s 

38-26 

Nov.  2 

E 

N 

38-18 

9 

E 

N 

38-28 

27 

\Y 

S 

38-25 

Dec.  10 

w 

s 

38-31 

B.J.  8 
(continued) 


Bradley  34 
Dec.  76°  31' 


Mean 
A, 
A8 


3S-269 
•002 
•001 


Mean  R.A.      0  05  38-272 


B.J.  7 

Dec.  14°  41' 


Oct.  18 

E 

S 

0  08  35-91 

20 

E 

s 

35-98 

21 

E 

s 

35-98 

Nov.  2 

E 

N 

35-93 

4 

E 

N 

36-03 

8 

E 

S 

35-94 

9 

E 

N 

35-97 

20 

W 

s 

35-97 

27 

W 

s 

35-98 

Dec.  5 

W 

N 

35-93 

Mean 
A, 
A2 


35-962 
-003 
•000 


Mean  R.A.      0  08  35-965 


B.J.  8 
Dec.  76°  27' 


Sept.  27 

W 

S 

0  11  06-39 

Oct.  18 

E 

s 

06-38 

20 

E 

s 

06-45 

21 

E 

s 

06-45 

Nov.  2 

E 

N 

06-36 

8 

E 

s 

06-43 

9 

E 

N 

06-57 

27 

W 

S 

06-48 

Dec.  10 

W 

s 

06-70 

h  m  s 

Mean   0  11  06-468 

Ai  -002 

A2  -010 

Mean  R.A.      0  11  06-480 


a  Andromedae 
Dec.  36°  17' 


Sept.  27 

W 

s 

Oct.  18 

E 

s 

20 

E 

s 

21 

E 

s 

Nov.  4 

E 

N 

8 

E 

s 

9 

E 

N 

20 

W 

S 

27 

W 

s 

Dec.  10 

w 

S 

0  13  37-31 
37-24 
37-29 
37-32r| 
37-25 
37-23 
37-37.1 
37-29r 
37-34 
37-30 


Mean 
Ai 
A2 


37-294 
•000 
•001 


Mean  R.A.      0  13  37-295 


P  Andromedae 
Dec.  37°  28' 


Sept.  27 
Oct.  18 
20 
21 

Nov.  4 
8 
9 
20 
27 

Dec.  10 


W 
E 
E 
E 
E 
E 
E 
W 
W 
W 


0  16  22-65r 
22-52 
22-64  r| 
22-57 
22-54 
22-59r| 
22-60 
22-60 
22-59 
22-60rl 


Nov.  2 


Dec.  5 


Mean 
Aj 


22-590 
•002 


Mean  R.A.      0  16  22-592 


h  m  8 

w 

s 

0  25  07-23 

E 

s 

07-02 

E 

s 

07-16 

E 

s 

07  17 

E 

N 

06-99 

E 

s 

07  12 

E 

N 

07  13 

W 

S 

07-22 

W 

N 

07-49 

W 

S 

07-40 

Mean 
A2 

Mean  R.A. 


0  21 


07-193 
■007 

07-200 


B.J.  16 


Dec.  62° 

26' 

• 

Nov.  8 

E 

s 

0  27  52-45 

9 

E 

N 

52-51r 

27 

W 

S 

52-47r 

Dec.  5 

w 

N 

52-58 

9 

w 

N 

52-58 

Mean  52-518 

A,  004 

A2  -002 

Mean  R.A.  0  27  52-520 


B.J.  17 
Dec.  53°  24' 


Sept.  27  W 

Oct.  18  E 

20  E 

21  E 
Nov.  8  I  E 

9  E 

27  W 

Dec.  8  !  W 
9 
10 


W 

w 


0  31  57-00 
56-93 
57  00 

56-  92 

57-  00 
56-96 

56-  97 
57  02 

57-  07 
57  06 


Mean 
A, 
A, 

Mean  R.A. 


56-993 
-001 
•002 

0  31  56-994 
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Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


Date 


a 

§ 

s 


Mean  R.A. 
19100 


B.J.  18 
Dec.  33°  13' 


B.J.  21 
Dec.  56°  03' 


23  Cassiopeiae 
Dec.  74°  21' 


b  m  s 

Sept. 

7 

E 

S 

0  32  04 • IS 

Nov. 

2 

E 

N 

04- IS 

Dec. 

5 

W 

N 

04- 15 

Mean 
A, 
Aj 


04-170 
•004 
■000 


Mean  R.A.      0  32  04-174 


Sept.  7 
27 

Oct.  18 
20 
21 

Nov.  2 
8 
9 

Dec.  9 


h  in  s 
0  35  23-4S 
23-62 
23-45 
23-41 

:i7r| 
23-51 
23-53 
23-58 
23-41 


B.J.  19 
Dec.  28°  49' 


Mean 
Ai 
As 

Mean  R.A. 


23-507 
-002 
•003 

0  35  23-50S 


Sept. 

7 

E 

s 

0  33  47-76 

Oct. 

21 

E 

s 

47-78 

Nov. 

2 

E 

N 

47-74 

8 

E 

s 

47-75 

9 

E 

N 

47-80 

Dec. 

5 

W 

N 

47-84 

9 

W 

N 

47-74 

B.J.  24 
Dec.  74°  30' 


Mean 
A, 
As 


47-773 
-004 
•000 


Sept.  27 

W 

S 

0  39  41 

31 

Oct.  IS 

E 

s 

41 

06 

20 

E 

S 

41 

25 

Nov.  2 

E 

N 

41 

20 

8 

E 

s 

41 

07  r 

9 

E 

N 

41 

16r 

Dec.  5 

W 

N 

41 

46 

8 

W 

S 

41 

21 

Mean  R.A.      0  33  47-769 


Moan 
A, 
As 


41 


•215 
•002 
■006 


B.J.  20 
Dec.  30°  22' 


Mean  R.A.      0  39  41-219 


B.J. 


S 

Dec.  47°  48' 

Sept.  27 

W 

0  34  30-76 

Oct.  20 

E 

S 

Nov.  2 

E 

N 

30-70 

Sept.  7 

E 

s 

0  39  42-18 

9 

E 

N 

30-71 

Oct.  21 

E 

s 

42-19 

27 

VV 

S 

30-68 

Nov.  27 

W 

s 

42-20 

Dec.  5 

W 

N 

30-59 

Dec.  9 

w 

N 

42-35 

10 

W 

S 

30-73 

10 

w 

s 

42-24 

Mean 
Ai 
As 


30-697 
-003 
•000 


Mean 
A, 
As 


42-232 
•004 
•001 


Mean  R.A.      0  34  30-694 


Mean  R.A.      0  39  42-237 


Sept.  27 
Oct.  IS 


W 
E 


21  E 

Nov.  2  E 

8  E 

'J  E 

Dec.   5  W 


h  m  s 
0  41  44-32 
44-27r 
44-26 
44-24r 
44-30 
44-39 
44-46 


Mean 
As 


44-320 
•008 


Mean  R.A.      0  41  44-32S 


B.D.  71-37 
Dec.  72°  11 ' 


Oct.  20 

E 

S 

0  42  15-24 

Nov.  27 

W 

S 

15-53 

Dec.  9 

W 

N 

15-64 

10 

W 

S 

15-43 

Mean 
A, 


15-460 
-004 


Mean  R.A.      0  42  15-456 


B.J.  27 
Dec.  23°  47' 


Sept.  7 
Nov.  9 
Dec.  12 


E 

S 

0  42  33-88 

E 

N 

33-99 

w 

N 

33-89 

Mean 
A, 
As 


33-920 
•000 
-001 


Mean  R.A.      0  42  33-919 
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Date 


u 

o 

a 
B 

> 
u 

3 

5 

O 
CO 

o 

Mean  R.A. 
1910  0 


Date 


c 

a 

O 


Mean  R.A. 
19100 


Date 


a 

§ 


Mean  R.A. 
19100 


v  Cassiopeiae 
Dec.  57°  20' 


B.J.  32 
Dec.  60°  14' 


72  Piscium 
Dec.  14°  2S' 


h  m  s 

Sept.  7 

E 

S 

0  43  3903 

27 

W 

S 

39-08 

Oct.  20 

E 

S 

39-12i 

21 

E 

S 

39-07 

Nov.  2 

E 

N 

39  06 

8 

E 

S 

39-0Sr 

9 

E 

N 

3911 

27 

W 

S 

39- 12 

Dec.  5 

w 

N 

39-13 

9 

w 

N 

39 -lis 

12 

w 

N 

39  16 

h  m 

Nov. 

8 

E 

s 

0  51 

16-05 

27 

W 

s 

1600 

Dec. 

9 

W 

N 

1609 

Mean 
A, 
A, 


16  047 
-005 
-002 


Mean  R.A.      0  51  16  040 


Mean 
Ai 
Ai 


39-095 
•003 
■000 


B.J.  33 
Dec.  38°  01' 


Mean  R.A.      0  43  39-09S 


v  Andromedae 
Dec.  40°  35' 


Sept.  7 

E 

s 

0  44  50-66 

27 

W 

s 

50-76 

Oct.  18 

E 

s 

50-69 

20 

E 

s 

50-72 

21 

E 

s 

50-73 

Nov.  2 

E 

N 

50-75 

9 

E 

N 

50-75 

27 

W 

S 

50-67 

Dec.  5 

W 

N 

50-66 

9 

w 

N 

50-66 

10 

w 

S 

50-68 

12 

w 

N 

50-73 

Mean 

50-705 

A 

L 

•000 

A2 

•000 

Mean  R.A.      0  44  50-705 

B.J.  29 

Dec.  63°  45' 

Nov.  8 

E 

S 

0  45  15-230r 

Sept. 

7 

E 

s 

0  51  45- 16 

27 

W 

s 

45-23 

Oct. 

18 

E 

s 

45- 13 

20 

E 

s 

45-20 

21 

E 

s 

45  19 

Nov. 

2 

E 

N 

45  12 

9 

E 

N 

45-18 

Dec. 

5 

W 

N 

45-25 

12 

W 

N 

45  09 

Mean 
A, 
Ai 


45- 172 
•004 
•001 


Mean  R.A.      0  51  45- 17 


h  Piscium 
Dec.  28°  30' 


A, 

A2 

Mean  R.A. 


-004 
■012 

0  45  15-23S 


Sept.  7 

E 

S 

0  52  57-65 

Oct.  IS 

E 

s 

57-65 

20 

E 

S 

57-68 

21 

E 

S 

57-67 

Nov.  2 

E 

N 

57-68 

8 

E 

S 

57-69 

9 

E 

N 

57-71 

27 

W 

S 

57-66 

Dec.  5 

\Y 

N 

57-67 

9 

W 

N 

57-65 

10 

W 

S 

57-67 

12 

w 

N 

57-71 

Mean 

57-674 

A2 

Mean  R.A. 


•000 
0  52  57-674 


Sept.  7 
Nov.  2 
8 
27 

Dec.  5 


h  m  8 

E 

s 

1  00  20- 14 

E 

N 

20- 15 

E 

s 

20- 16 

W 

s 

20- 16 

w 

N 

20- 14 

Mean 
A, 
At 

Mean  R.A. 


20-150 
-001 
•000 

1  00  20- 149 


Bradley  109 
Dec.  79°  32' 


Sept.  27 

W 

s 

1  01  29- 10 

Dec.  10 

W 

s 

29-14 

12 

w 

N 

29-35 

Mean 
A2 


29- 197 
-023 


Mean  R.A.      1  01  29- 174 


(i  Cassiopeiae 
Dec.  54°  29' 


Sept.  7 

E 

S 

1  02  16-53 

Nov.  2 

E 

N 

16-36 

8 

E 

S 

16-49 

27 

W 

S 

16-53 

Dec.  5 

W 

N 

16-53 

9 

\Y 

N 

16-47 

Mean 
A, 
A, 


16-485 
•004 
•000 


Mean  R.A.      1  02  16-489 
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Date 


Mean  H  A. 
19100 


Date 


Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
19100 


B.J.  41 
Dec.  79°  12' 


B.J.  43 
Dec.  29°  37' 


Bradley  155 
Dec.  77°  06' 


h  m  8 

Sept.  27 

W 

S 

1  12  47-93 

Nov.  8 

E 

s 

47 -S2 

27 

W 

s 

47-91 

Dec.  S 

w 

s 

47-87 

Mi;'l> 

47-8S3 

A2 

-003 

Mean 

R.A 

1  12  47-880 

B.J.  45 

Dec.  26°  47' 

Sept.  7 

E 

S 

1  14  30-98 

Nov.  27 

W 

s 

30-93 

Dec.  5 

W 

N 

30-95 

9 

W 

N 

30-95 

12 

W 

N 

30-94 

Sept.  27 
Nov.  S 

W 

S 

E 

s 

27 

W 

s 

Dec.  9 

W 

N 

h  m  s 
1  04  27 -58 
27-44 
27-47i 
27-64 


Nov.  2 
Dec.  5 
9 


E 

N 

W 

N 

vv 

N 

h  in  s 
1  06  41-95 
41-97 
41-94 


Mean 
Ai 
A, 

Mean  R.A. 


27-533 
•003 
—008 


Mean 
A, 
At 


41-953 
-•001 
-002 


Mean  R.A.      1  06  41-950 


1  04 


B.J.  42 
Dec.  35°  09' 


Bradley  137 
Dec.  79°  26' 


Sept.  7 

E 

s 

1  04  41 

33 

Nov.  2 

E 

N 

41 

29 

Dec.  5 

W 

N 

41 

30 

12 

W 

N 

41 

33 

Sept.  27 

W 

s 

1  08  30-60 

Nov.  8 

E 

s 

30-54r 

Dec.  5 

W 

N 

31-08 

9 

W 

N 

30-30 

10 

W 

S 

30-31r 

12 

W 

N 

30-82 

Mean 
A> 

Mean  R.A. 


41-313 
-002 
-001 

1  04  41-310 


Mean 
A2 


30-608 
-016 


Mean  R.A.      1  OS  30-592 


x  Piscium 
Dec.  20°  33' 


Bradley  151 
Dec.  71°  16' 


Sept.  7 

E 

S 

1  06  36-82 

Nov.  2 

E 

N 

1  09  42-68 

Nov.  8 

E 

s 

36-78 

27 

W 

S 

42-80 

27 

W 

s 

36-78 

Dec.  5 

W 

N 

42-94 

Dec.  10 

W 

s 

36-73 

9 

W 

N 

42-61 

12 

W 

N 

36-81 

12 

W 

N 

42-59 

Moan 

36-784 

Mean 

42-724 

A, 

•001 

A 

-011 

Mean  R.A 

1  06  36-7S5 

Mean  R.A 

1  09  42-713 

Mean 
A, 
A, 

Mean  R.A. 


30-950 
-001 
•000 

1  14  30-949 


Bradley  166 


Sept.  27 
Nov.  8 
Dec.  8 
12 


Dec. 

78° 

15' 

W 

S 

1  15  4S-S2 

E 

s 

4S-74 

W 

s 

4s-yj 

W 

N 

48-81 

Mean  48-798 
A,  -  -008 

Mean  R.A.      1  15  4S-790 
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Date 


Mean  R.A 
1910-0 


/  Piscium 
Dec.  28°  16' 


Sept.  7  E 

Nov.  27  W 

Dec.   5  W 

9  W 


h  ra  8 
1  16  08-55 
08-57 
08-61 
08-68 


Mean 
At 


08-603 
•000 


Mean  R.A.      1  16  08-603 


£  Andromedae 
Dec.  45°  03' 


Nov.  8 
Dec.  5 


17  02  09 
02-06 
02  09 
02-12 


Mean 
A, 


02-090 
-001 


MeanR.A.     1  17  02  089 


B.J.  46 
Dec.  67"  40' 


Nov.  8 
27 

Dec.  12 


E 
W 
W 


S 
S 
N 


1  19  33-59 
33-62 
33-60 


Mean 
A, 
As 


33-603 
•002 
-002 


Mean  R.A.      1  19  33-603 


B.J.  48 
Dec.  59°  46' 


Sept.  7  E 

27  W 

Dec.  5  W 

s  \v 

9  W 


1  19  54-97 
55-01 
55-15 
55-11 
55-18 


Date 


u 

a 

E 

> 
u 

0) 

CO 

Xl 

o 

Mean  R.A 
19100 


B.J.  48 
(continued) 


h  m  s 
Mean    1  19  55-084 
A,  -003 
A2  -004 

Mean  R.A.      1  19  55  077 


w  Andromedae 
Dec.  44°  57' 


Sept.  7 

E 

S 

1  22  15-91 

Nov.  27 

W 

S 

15-89 

Dec.  5 

W 

N 

1602 

8 

w 

S 

15  S9 

9 

w 

N 

16-04 

10 

w 

S 

15-95 

12 

w 

N 

15-91 

Mean 

15-944 

A, 

-002 

Mean  R.A.      1  22  15-942 

B.J.  51 

Dec. 

72° 

35' 

Dec.  9 

W 

N 

1  31  18-140 

Sept.  27 

W 

s 

1  32  27-66 

Dec.  21 

w 

N 

27-80 

A, 
A2 


-001 
-019 


Mean  R.A.      1  31  18-120 


v  Andromedae 
Dec.  40°  57' 


Nov.  8 

E 

s 

1  31  30-49 

27 

W 

s 

30-58 

Dec.  5 

W 

N 

30-60 

12 

w 

N 

30-54 

21 

w 

N 

30-70r 

Mean 
A, 
A, 


30-582 
•001 
-002 


Mean  R.A.      1  31  30-5S1 


Date 


a. 

a 

09 
O 


Mean  R.A 
19100 


t  Piscium 


Dec. 

11°  41' 

h  m 

s 

Dec.  8 

W 

S 

1  32 

19-54 

10 

W 

S 

19-55 

Mean 
A, 
A, 

Mean  R.A. 


19-545 
-004 
•003 

1  32  19-544 


B.J.  52 
Dec.  48°  10' 


Mean  27-730 

A,  -004 

Aj  -003 

Mean  R.A.  1  32  27-731 


t  Andromedae 
Dec.  40°  07' 


Nov.  8 

E 

S 

1  35  15-68 

27 

W 

S 

15-75r 

Dec.  10 

W 

S 

15-73 

12 

W 

N 

15-71r 

21 

W 

N 

15-76 

Mean 
A> 

Mean  R.A. 


15-726 
-001 

1  35  15-725 


B.J.  55 
Dec.  67°  35' 


Dec.  5 
9 


1  35  39-80 
39 -78 


Mean  39-790 

A,  -000 

A,  -014 

Mean  R.A.  1  35  39-776 
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Date 


§ 

si 

o 


Mean  R.A. 
19100 


42  Cassiopeiae 
Dec.  70°  10' 


Sept.  27 
Dec.  S 


h  m  s 
1  35  55-88 
55-94 


Mean 
A2 


55-910 
-007 


Mean 
A, 


00-725 
•001 
-002 


Mean  R.A.      1  38  00-724 


2  Persei 
Dec.  50°  21' 


Date 


Mean  R.A. 
19100 


B.J.  63 
Dec.  63°  14' 


Nov.  27  W  S 
Dec.    9  W  N 
12  W  i  N 


h  m  s 
1  47  54-41 
54-53 
54-43 


Mean 
A, 


54-  157 
•001 


Mean  R.A.      1  35  55-903 

Ai 

— 009 

Mean  R.A 

1  47  54-449 

B.J.  5' 

Dee.  50°  14' 

B.J.  64 

Dec.  29°  08' 

Sept.  7 

E 

s 

1  38  00-66 

Dec.  5 

W 

N 

1  47  56-79 

27 

W 

s 

00-72 

8 

\V 

S 

56-86 

Nov.  8 

E 

s 

00- 68 

10 

W 

s 

56-83 

27 

W 

s 

00-65r 

21 

W 

N 

56-94 

Dec.  5 

W 

N 

00-7S 

8 

VV 

8 

00-78 

9 

W 

N 

00-72r 

Mean 

56-855 

10 

W 

S 

O0-76r 

A, 

-004 

12 

W 

N 

00-73 

A 

•000 

21 

w 

N 

00-77r 

Mean  R.A. 

I  47  56S51 

Dec.  8 

W 

s 

1  53  48-26 

12 

W 

N 

48-16 

7  Arietis 
Dec.  18°  51' 


Nov.  8 


E 


1  48  35-310 


A5  -001 
Mean  R.A.      1  48  35-311 


Sept.  7 
27 

E 
W 

s 
s 

1  46  25-46 
25-53r 

B.J.  66 
Dec.  20°  22' 

Nov.  8 

E 

s 

25-34^ 

27 

W 

s 

25-46 

Sept.  7 

E 

s 

1  49  39-92 

Dec.  5 

W 

N 

25-57r 

Nov.  8 

E 

s 

39-91 

I 

W 

s 

25-45r 

Dec.  5 

W 

N 

39-90 

w 

N 

25-40 

8 

W 

s 

39-91 

10 

w 

S 

25-56 

9 

W 

N 

39-89 

12 

w 

N 

25-38r 

12 

W 

N 

39-93 

21 

W 

N. 

25-47 

21 

W 

N 

39 -9S 

Mean 
A, 

Mean  R.A. 

25-462 
-002 

1  46  25-400 

Mean 
A, 
A, 

Mean  R.A. 

39-920 
•004 
■000 

1  49  39-924 

Date 


Mean  R.A. 
1910-0 


X  Arietis 
Dec.  23°  09' 


Nov.  8 
Dec.  12 


h 

m  s 

E 

S 

1 

52  54-58r 

W 

N 

54-62 

W 

N 

54-63 

Mean 
A* 


54-610 
-001 


Mean  R.A.      1  52  54-609 


Bradley  246 
Dec.  77°  29' 


Mean 
A, 


48-210 
-021 


Mean  R.A.      1  53  48-1S9 


48  Cassiopeiae 
Dec.  70°  28' 


Nov.  8 
Dec.  5 
9 
10 


E 

s 

1  54  32-54 

W 

N 

33-03 

w 

N 

32-78 

w 

S 

32-62 

Mean 
At 


32-743 
-006 


Mean  R.A.      1  54  32-737 


Groombridge  422 
Dec.  73°  25' 

Dec.  8 

W 

S    1  55  10-910 

A,  -009 
Mean  R.A.      1  55  10-901| 
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Date 


u 

a 

■  > 

S 

ser 

5 

-O 

o 

Mean  R.A. 
1910-0 


Date 


Mean  R.A. 
19100 


Date 


Mean  R.A. 
19100 


B.J.  70 

Dec.  71°  59' 


B.J.  74 
Dec.  23°  02' 


Nov.  8 

E 

S 

Dec.  5 

W 

N 

9 

W 

N 

12 

W 

N 

21 

W 

N 

h  m  s 
1  55  43-58 
43-91 
43-58 
43-60 
43-63 


Sept 


7 

E 

s 

8 

E 

s 

8 

W 

s 

9 

W 

N 

12 

W 

N 

21 

w 

N 

h  m  s 
2  02  05-79 
05-81 
05-82 
05-81 
05-80 
05-77 


Mean 
A, 
A, 


43-660 
•004 
-011 


Mean  R.A.      1  55  43-653 


Mean 
Ai 
A2 


05-800 
•004 
•000 


47  Cassiopeiae 
Dec.  76°  51' 


Mean  R.A.      2  02  05  S04 


Dec.  10 


W 


1  56  04-460 


B.J.  75 
Dec.  34°  34' 


A,  -013 
Mean  R.A.      1  56  04-447 


Groombridge  424 
Dec.  80°  52' 


Nov.  8 


E 


Sept. 

7 

E 

s 

2  04  1104 

Dec. 

5 

VV 

N 

11-02 

9 

w 

N 

10-96r 

12 

w 

N 

1104 

21 

w 

N 

10-96r 

158  15-590r 


A5  -040 
Mean  R.A.      1  58  15-630 


Mean 
A, 
A> 


11-004 
•001 
-002 


Mean  R.A.      2  04  11  003 


B.J.  73 
Dec.  41°  54' 


Sept. 
Dec. 


7 

E 

s 

1  58  22-14 

5 

W 

N 

22-16 

9 

W 

N 

22-17 

12 

w 

N 

22-11 

21 

w 

N 

22-20 

Bradley  282 
Dec.  73°  36' 


Nov.  8 

E 

s 

Dec.  10 

W 

s 

2  05  02  03 
02-13 


Mean 
A, 
A, 

Mean  R.A.      1  58  22-156 


22-156 
•002 
-002 


Mean 
A2 


02-OSO 
•006 


Mean  R.A.      2  05  02-086 


15  Arietis 


Dec.  19°  05' 

h  m  s 

Dec.  5 

W 

N 

2  05  38- 16 

8 

W 

S 

38-10 

9 

W 

N 

38-05r 

12 

W 

N 

38-16 

21 

W 

N 

38-llr 

Mean 
At 


38- 116 
•000 


Mean  R.A.      2  05  38-116 


B.J.  76 
Dec.  66°  06' 


Dec.  8 

W 

s 

2  07  24-35 

10 

w 

s 

24-32 

21 

w 

N 

24-34 

Mean 

24-337 

A, 

•001 

A2 

-008 

Mean  R.A.      2  07  24-330 

B.J.  77 

Dec.  50°  39' 

Sept.  7 

E 

s 

2  07  36-71 

Dec.  5 

W 

N 

36 -9S 

9 

w 

N 

36-73 

12 

w 

N 

36-81 

Mean 
A, 
A2 


36-SOS 
-002 
-004 


Mean  R.A.      2  07  36-802 
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Date 


s 


Mean  R.A. 
1910  0 


B.J.  79 
Dec.  33°  26' 


Date 


u 

o. 

o 
> 

a 

u 

o 

m 

— 

Mean  R.A. 
19100 


'  Cassiopeiae 
Dec.  67°  00' 


h  rn  s 

Dec.  5 

W 

N 

2  21  3S- 19 

9 

\Y 

N 

37-91i 

12 

W 

N 

38-01 

21 

W 

N 

3S00r 

Mean 

38  028 

■003 

A; 

-014 

Mean 

R.A 

.      2  21  38017 

27  Arietia 

Dec.  17°  18' 

Sept.  7 

£ 

s 

2  25  54-67 

Dec.  8 

W 

s 

54-71 

9 

W 

N 

54-70 

10 

s 

S 

54-64r 

12 

N 

54-75 

21 

w 

N 

54-75 

Date 


Mean  R.A. 
1910-0 


B.J.  89 
Dec.  21°  34' 


Sept. 
Dec. 


E 

s 

W 

N 

W 

s 

w 

N 

w 

S 

w 

N 

w 

N 

11  57-62 
57-58 
57-62 
57 -5S 
57-57 
57-55i 
57-59 


Dec. 


h  m  s 

.  7 

E 

s 

2  33  42-18 

5 

W 

.N 

42-17 

9 

W 

N 

42- 16 

12 

w 

N 

42-21 

21 

w 

N 

.      42- 19 

Mean 
A, 
A, 


.">7  ■  5S7 
•004 
-001 


Mean 
A, 
A, 

Mean  R.A. 


42-182 
-004 
-001 

2  33  42- 177 


Mean  R.A.      2  11  57-590 


B.J.  81 
Dec.  19°  29' 


Dec.  5 

\Y 

N 

2  13  06-95 

8 

W 

S 

06- "is 

9 

\V 

N 

06-96 

10 

w 

S 

06- ".(6 

12 

w 

N 

06-9Sr 

21 

w 

N 

(HilHi 

Bradley  344 
Dec.  81°  04' 


Dec*  10 


W  S 


2  34  44  530m 


Mean 
A, 
A: 


06-965 
-001 
•000 


Mean 
Mean  R.A. 


54-703 
•001 

2  25  54-704 


A.,  -021 
Mean  R.A.      2  34  44-509 


Mean  R.A.      2  13  06-964 


B.J.  87  • 
Dec.  72°  26' 


B.J.  92 
Dec.  67°  27' 


J  Arietis 
Dec.  10°  12' 


Sept.  7 

E 

s 

2  19  59-43 

Dec.  8 

W 

s 

59-47 

10 

W 

s 

59-47 

21 

w 

N 

59-  I'.l 

Dec.  5 

W 

N 

2  29  27-49 

Dec.  5 

W 

N 

8 

W 

S 

27-10 

9 

W 

N 

9 

w 

N 

27  16 

10 

W 

S 

10 

W 

S 

27  17 

12 

w 

N 

12 

W 

N 

27- 13 

21 

w 

N 

21 

w 

N 

27  09 

2  37  04-22 
04-30 
04- 12 
04-04  r| 
04 -OS 


Mean 
A, 


59-465 
•002 


Mean 
A, 
A> 


27-190 
•000 
-016 


Mean 
A, 
A, 


04- 152 
-002 
-012 


Mean  R.A.      2  19  59-467 


Mean  R.A.     2  29  27  174 


Mean  R.A.      2  37  04  138 


25a-32 
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Date 


u 

a 

a 
> 

6 
3 

u 

o 

Ol 

0 

XI 
C 

Mean  R.A. 
19100 


B.J.  93 
Dec.  4S°  51' 


hln  S 

Sept.  7 

E 

s 

2  38  02 -78 

Dec.  5 

\Y 

N 

02-92 

8 

W 

s 

02-79 

9 

W 

N 

02-86 

12 

•w 

N 

02-75 

h  m  s 

h  m 

8 

Sept. 

7 

E 

S 

2  44  07-35 

Sept. 

7 

E 

s 

2  47 

52-14 

Dec. 

8 

W 

S 

07-40 

Dec. 

5 

W 

N 

52-29 

9 

W 

N 

07-44 

8 

W 

S 

52-17 

10 

w 

S 

07-31 

9 

W 

N 

52-24 

hi 

W 

S 

52- 16 

12 

W 

N 

52  13 

21 

w 

N 

52-23 

Mean 

07-375 

Mean 
At 


H-'-.vJO 

-004 

-003 


Mean  R.A.      2  38  02-S13 


B.J.  94 
Dec.  27°  19' 


Dec.  10 
21 


w 

s 

w 

N 

2  38  10  00 
10- 02 


Mean 
A, 
Ai 

Mean  R.A. 


10010 
•000 
•000 

38  10  010 


39  Arietis 
Dec.  28°  52' 


Sept.  7 

E 

s 

2  42  32-70 

Dec.  5 

W 

N 

32-78 

8 

W 

S 

32-82 

9 

W 

N 

32-80 

10 

W 

S 

32-74 

12 

W 

N 

32-82 

21 

W 

N 

32-84 

Mean 
A2 


32-786 
•000 


Mean  R.A.      2  42  32-786 


Date 


— 
& 


Mean  R.A. 
19100 


B.J.  99 

Dec.  55°  31' 


Ai 
A2 


•004 
-001 


Mean  R.A.      2  44  07-378 


B.J.  100 


Dec.  26°  53' 

Dec.  5 

W 

N 

2  44  40-99 

12 

W 

N 

40-98 

21 

W 

N 

4101 

Mean 
Ai 
A, 


40-993 
-002 
-•002 


Mean  R.A.      2  44  40-9S9 


a  Arietis 
Dec.  14°  43' 


Sept.  7 

E 

s 

2  46  31-20 

Dec.  5 

W 

N 

31-34 

8 

w 

S 

31-31 

9 

w 

N 

31-35 

10 

\Y 

S 

31-25 

12 

W 

N 

31-26 

21 

W 

N 

31-26 

Mean 
Ai 
Ai 


31-281 
•003 
•001 


Mean  R.A.      2  46  31-285 


Date 


a 

a 

eg 

o 


Mean  R.A. 
19100 


B.J.  103 
Dec.  52°  24' 


Mean  52- 194 

A,  -003 

A2  -003 

Mean  R.A.  2  47  52-194 


f  Arietis  (mean) 
Dec.  20°  59' 


Sept.  7 


E  S 


2  54  03-710 


•000 
•002 


Mean  R.A.      2  54  03-712 


B.J.  105 
Dec.  79°  04' 


Dec.  10 

W 

s 

2  54  04-84 

12 

W 

N 

04-81 

21 

W 

N 

04-54 

Mean 
Ai 
Ai 

Mean  R.A. 


04-730 
-001 
-028 

2  54  04-701 


Bradley  396 
Dec.  81°  07' 

Dec.  10 

W  S 

257  41  140m 

A, 

Mean  R.A. 


-021 
2  57  41119 
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Date 

a 

S 

eg 

O 

Observer 

Mean  R.A. 
1910-0 

Date 

Clamp 

Observer 

Mean  R.A. 
1910  0 

Date 

Clamp 

> 
u 

0> 

Sj 
J3 

0 

Mean  R.A. 
19100 

B.J.  108 
Dec.  53°  09' 

B.J.  Ill 
Dec.  40°  37' 

B.J.  120 
Dec.  49°  32' 

Sept.  7 
Dec.  5 
9 
12 
21 

E 
W 
W 
W 
W 

S 
N 
N 
N 
N 

h  m  s 
2  58  16- 17 
16-32 
16- 19 
10-24 
16  26 

Dec.  12 
21 

W 

w 

N 
N 

h  m  s 
3  02  18-46 
18-45 

Dec.  10 

W 

s 

h  m  s 
3  17  53-530 

A,  -002 
A2  -002 

Mean  R.A.      3  17  53-526 

Mean  18-455 
A,  -004 
A2  -004 

Mean  R.A.      3  02  18-455 

Mean  16-236 
A,  -003 
A,  -005 

Mean  R.A.      2  5S  16-228 

Bradley  459 
Dec.  71°  33' 

B.J.  112 
Dec.  49°  16' 

B.J.  109 
Dec.  38°  30' 

Sept.  7 

E 

S 

3  02  33-980 

Dec.  10 

W 

s 

3  20  58-460 

A,  001 
A2  006 

Mean  R.A.      3  02  33-987 

A,               -  -008 
Mean  R.A.      3  20  58-452 

Sept.  7 
Dec.  5 
8 
9 
10 
12 
21 

E 
W 

w 
w 
w 
w 
w 

S 
N 
S 
N 
S 
N 
N 

2  59  24-24 
24-32 
24-26 
24-39 
24 -2S 
24-26 
24-29 

B.J.  122 
Dec.  59°  38' 

f  Arietis 
Dec.  20°  43' 

Sept.  7 

E 

S 

3  09  43-540 

Dec.  21 

W 

N 

3  21  46-240 

Mean  24-291 
Ai  -000 
Aj  --001 

Mean  R.A.      2  59  24-290 

A,  -003 
A2  002 

Mean  R.A.      3  09  43-539 

Ai  -001 
Aj  -009 

Mean  R.A.      3  21  46-232 

Bradley  417 
Dec.  74°  03' 

rArietis 
Dec.  20°  49' 

B.J.  124 
Dec.  47°  41' 

Sept.  7 
Dec.  10 

E 
W 

s 
s 

3  16  01-61 
01-64 

Dec.  21 

W 

N 

3  24  13-390 

Dec.  10 

w 

S 

3  02  09-360 

Mean  01-625 
Ai  -005 
A,  002 

Mean  R.A.      3  16  01-622 

A,  004 
Aj  -005 

Mean  R.A.      3  24  13-3S9 

A2  —010 

Mean  R.A.     3  02  09-350 
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Date 

Clamp 

(- 
> 

o 

in 

o 

Mean  R.A. 
19100 

Date 

Clamp 

Observer 

Mean  R.A. 
19100 

Date 

Clamp 

u 

o 

u 

0> 

CO 

o 

Moan  R.A. 
19100 

j  Tauri 
Dec.  11°  02' 

B.J.  132 
Dec.  32°  00' 

B.J.  145 
Dec.  60°  51' 

Dec.  21 

W 

N 

h  m  s 
3  25  29- 160 

Dec.  21 

W 

N 

h  m  s 
3  38  40- 100 

Dec.  21 

W 

N 

h  m  8 
3  49  27-110 

A2  -001 
.  Mean  R.A.      3  25  29-159 

A,  003 
A2  -003 

Mean  R.A.      3  38  40  100 

A,  -000 
A2  -010 

Mean  R.A.      3  49  27-100 

B.J.  129 
Dec.  62°  56' 

B.J.  136 
Dec.  23°  50' 

B.J.  147 
Dec.  39°  45' 

Dec  21 

W 

N 

3  34  19-960 

Dec.  21 

w 

N 

3  39  31-630 

Dec.  21 

w 

N 

3  51  4S-570 

A,  -000 
A2  -012 

Mean  R.A.      3  34  19-948 

Ai  -001 
A2  -002 

Mean  R.A.      3  39  31-627 

Ai              -  -005 
A2  --004 

Mean  R.A.      3  51  48-561 

11  Tauri 
Dec.  25°  02' 

B.J.  139 
Dec.  23°  50' 

B.J.  148 
Dec.  35°  32' 

Dec.  21 

W 

N 

3  35  23-560 

Dec.  21 

w 

N 

3  42  07-890 

Dec.  21 

w 

N 

3  53  07-300 

A\  -000 
A2  -002 

Mean  R.A.      3  35  23-558 

Ai  -003 
A2  -002 

Mean  R.A.      3  42  07-S91 

A,  -005 
A2  -003 

Mean  R.A.      3  53  07-292 

B.J.  131 
Dec.  47°  30' 

B.J.  144 
Dec.  31°  37' 

B.J.  150 
Dec.  12°  14' 

Dec.  21 

W 

N 

3  36  30-620 

Dec.  21 

w 

N 

3  48  28-150 

Dec.  21 

w 

N 

3  55  41-610 

Ai  -001 

A;                     -  -005 

Mean  R.A.      3  36  30-616 

At  -004 
A2  -003 

Mean  R.A.      3  48  28-143 

Ai  -001 
A2  -001 

Mean  R.A.      3  55  41 -60S 
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APPENDIX  4. 

TABULAR  STATEMENT  OF  LONGITUDE  AND  LATITUDE 

OBSERVATIONS. 

Ottawa,  Canada, 

1st  April,  1911. 

W.  F.  King,  LL.D.,  C.M.G., 

Chief  Astronomer, 

Department  of  the  Interior, 

Ottawa. 

Sir  — 

I  have  the  honour  to  transmit  herewith  a  tabular  statement  of  the  differences  of 
longitude  and  the  latitude  results  of  stations  observed  in  1910;  and,  of  four  other 
stations,  Erwood  and  Macdowall  in  Saskatchewan  and  Lloydminster  and  Stony- 
plain  in  Alberta,  observed  in  1909  by  exchange  of  signals  with  the  transit  house, 
on  Fort  Osborne  barracks  ground,  at  Winnipeg.  The  longitude  of  the  latter 
station  was  determined  early  in  the  summer  of  1910,  by  telegraphic  exchange  of 
time  with  the  Dominion  Observatory. 

This  report  also  contains  a  statement,  arranged  in  alphabetical  order,  giving 
the  longitude  and  the  latitude  of  the  various  astronomical  stations  established  up 
to  the  present  time.  The  small  differences  between  the  longitudes  given  herein 
and  those  previously  published  are  due  to  the  adjustment  of  the  longitude  triangles 
comprising  Seattle,  Vancouver,  Boundary,  Field,  Winnipeg,  Ottawa,  Montreal 
and  Harvard. 

The  accompanying  map  show-s  the  positions  of  the  stations. 

I  have  the  honour  to  be,  sir, 

Your  obedient  servant, 


J.  MACARA. 
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Plan-. 


Bancroft. . . 
Barry  Buy . 
Bathurst . . . 


Year. 


1909 
1907 

I'll  V  I 


Difference 
of 

Longitude. 


Base. 


Longitude. 


h  in  s 

0  OS  34-3 17  Dom.  Obs. 


Longitude.  Latitude. 


h  in  s 

5  11  20 -300  77  51  34  -50  45  03  34  -52 


»  42-517  77  40  37-76  45  29  17-11 
65  39  17  03  47  37  12-95 


0  07  50-534i 

0  40  14-S4S        "   j4  22  37-135 

Beeton   1904  0  16  17-52S  Ottawa   5  19  07-550  79  46  53-25  44  04  47-70 

0  17  27-431  Dom.  Obs   4  45  24-552  71  21  08-28  46  02  44-59 


Black  Lake   1908 

Boiestown   1908 

Boundary  (Yukon)  1!)06 

Boundary  (Waneta)  1908 


0  37  10-990 

1  11  31-626  Yancouver. 
0  18  49-289  Seattle  


Calgary   18S6  0  25  03-659  Kamloops . 

Campbellton   1908  0  36  10-364  Dom.  Obs. 

Canoe  Lake   1900  0  12  04-914  Ottawa. .. . 

Chalk  River   1900  0  06  58-506  " 

Cliapleau   1907  0  30  45-695  Dom.  Obs. 

Charlottetown  !  1909  0  50  22-407 


4  25  40-993  66  25  14-90  46  27  18-52 
9  24  00  030  141  00  00-45  64  40  51-42 
7  50  30-985  117  37  44-78  49  00  00-55 

7  36  15-132  114  03  46-98  51  02  39-21 


4  26  41-610 

5  14  54-936 
5  09  48-528 
5  33  37-678 
4  12  29-576 


Cobourg  

Cochrane . . , 

Coutts  

Covey  Hill. 


Dawson  

Digby  

Dom.  Observatory 


Edmonton  

Kdmundston . 

Emerson  

I>  wood  


1904 
1909 
1910 
1903 

1907 
1909 
1905 

1888 
1908 
1910 
1909 


0  21  14-949  Dom.  Obs. 
0  59  15- 131  Winnipeg.. 


5  24  06-932 
27  50-393 


0  06  16- 131  Boundary  

0  39  50-801  Dom.  Obs  

0  00  01-961  Ottawa  (Cliff  St.) 


1  05  27-965  Winnipeg(newObs) 

0  29  33-867  Dom.  Obs  

0  00  14-757  Winnipeg  

0  20  09-936  "   


9  17  43-899 

4  23  01  182 

5  02  51-9S3 

7  34  01-754 
4  33  18-116 

6  28  50  019 
6  4S  4519S 


66  40  24-28  48  00  31-33 
7S  43  44  04  45  34  41-55 
77  27^07-92  46  00  52-32 
S3  24  25-17[47  50  31-21 
63  07  23-64  46  13  58-48 

 !43  57  51-40 

SI  01  43-98  49  03  41-88 
111  57  35-90  49  00  09  01 
 145  01  13-35 


139  25  5S-49  04  03  23-15 
65  45  17-73  44  37  13-58 

75  42  59-751  

113  30  20-31 .53  31  58-81 
68  19  31-74  47  22  06-65 
97  12  30-29:49  00  04-34 

102  11  17-97  52  51  37-69 
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Place. 


Difference 
Year.  of 

Longitude. 


Base. 


Longitude. 


Longitude.  Latitude. 


Father  Point. 

Field  

Fort  Frances. 

Foster  

Fredericton . . 


Jackfish . 


Kalmar. . . 
Kami  oops . 
Kingston . . 


Labelle  

Lake  Edward. 

Lindsay  

Liskeard  


1905 
1SS6 


h  m  s 
0  2S  58 -50S 


0  15  1S-953 
1908  1  10  44-496 
1908  Jo  12  52-932 
190S  0  36  IS  -4 19 


h  m  s 
Dom.  Obs   4  33  53-475 

Kainloops   7  45  59-864 

Dom.  Obs   6  13  36-479 

*     "    4  49  59-051 

4  26  33-564 


190S 

0  -28  39-199 

1904 

0  IS  10-545 

1909 

0  11  10-911 

190S 

0  48  27-314 

1904 

0  20  39-252 

Seattle. 
( Htawa . 


Dom.  Obs. 


Ottawa. 


190S  0  45  01-52S  Dom.  Obs 


18S7  0  OS  40-476 
1886  1  32  47  - 157 
1905  0  03  00  SS1 


1907  0  03  57-575 

1907  0  13  45-875 

1905  0  12  04  -647 

1900  0  15  53-001 


7  40  41-075 
5  21  00-567 

5  14  02-S94 

4  14  24-669 

5  23  29-274 

5  47  53-511 


Winnipeg  (old  Obs)  6  19  51-154 


Winnipeg  (old  Obs) 
Dom.  Obs  


Dom.  Obs. 


Lloydminster   1909  0  51  26-353  Winnipeg. 


S  01  IS -791 
5  05  52-864 

4  58  54-40S 

4  49  0610S 

5  14  56-630 
5  18  44-984 
7  20  01-615 


68  28  22 
116  29  57 

93  24  07 
72  29  45 
66  38  23 

115  10  10 

SO  15  OS 

78  30  43 
63  36  10 
80  52  19 

86  58  22 

94  57  47 
120  19  41 

76  28  12 

74  43  36 
72  16  31 

78  44  09 

79  41  14 
110  00  24 


Macdowall   1909  0  35  27 -5S0  Winnipeg   7  04  02  - S42  106  00  42 

Madoc   1905  0  07  01-794  Dom.  Obs  

i  | 

Maniwaki   1906  0  01  02-581 

Matheson   1908  0  18  59-665  ■ 

Mattawa   1907  0  11  57-405 


5  09  53-777  77  2S  26 

5  03  54-564  75  58  3S 

5  21  51-64S  80  27  54 

5  14  49-3SS  78  42  20 


12  48  31  05-14 
96  51  23  38-58 
18  48  36  48-59 
76  45  17  14-63 
46  45  57  41-30 


48  59  5S-45 

43  32  43-70 

45  02  43-78 

44  40  07-52 

43  54  52-40 

48  47  44-84 

49  46  21-96 

50  40  39-02 

44  13  46-5S 


12  46  17  02-27 
52  47  39  34-25 
45  44  21  30-50 
76,47  30  33-58 
23  53  17  08-49 


63  53  01  01-26 


44  30  15-70 
46  22  2S-40 
48  32  07-23 
46  IS  40-55 
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Place 


Year. 


Difference 
of 

Longitude. 


Base. 


Longitude.  Longitude.  Latitude. 


Megantic  

Michipicoten . 

Midway  

Moncton  

Mortlach  

Mulgrave. . . . 


h  in 


190S 
1907 
1901 
190S 
1910 
1909 


h  m 


Newcastle  

190S 

0 

40 

33 

947 

190S 

0 

50 

11 

IIMS 

1905 

0 

14 

;,s 

S7S 

North  Lake  

1908 

0 

59 

00 

106 

1910 

0 

21 

36 

404 

Onion  Lake . , 

Orillia  

Ottawa  

Owen  Sound . 


1888 

0 

51 

26 

S33 

1904 

0 

14 

49 

962 

1896 

0 

08 

31 

3S8 

1900 

0 

20 

56 

724 

1907 

0 

II.-, 

34 

S75 

Perce  

190S 

0 

45 

59 

383 

1909 

0 

19 

15 

405 

1910 

1 

07 

12 

020 

Port  Arthur  

1887 

0 

31 

40 

192 

18S5 

0 

10 

05 

108 

Portneuf  

1903 

0 

15 

15 

653 

1896 

0 

22 

00 

si;- 

1908 

1  15 

23 

871 

1900 

0  21 

32 

512 

1905 

0  03 

51 

729 

7 

55 

it'.i 

050 

118 

47 

15 

75 

4 

19 

09 

729 

64 

47 

25 

93 

7 

04 

16 

072 

106 

04 

01 

08 

4 

05 

33 

325 

61 

23 

19 

S7 

4 

22 

18 

030 

65 

34 

30 

54 

5 

53 

03 

0S1 

88 

15 

46 

22 

5 

17 

50 

861 

79 

27 

42 

91 

6 

01 

52 

089 

90 

28 

01 

33 

6 

50 

11 

666 

102 

32 

54 

99 

7 

20 

00 

710 

110 

00 

10 

65 

5 

17 

39 

984 

79 

24 

59 

76 

5 

02 

50 

022 

75 

42 

30 

33 

5 

23 

46 

746 

80 

56 

41 

19 

5 

OS 

26 

858 

77 

06 

42 

!>7 

4 

16 

52 

600 

64 

13 

09 

00 

5 

22 

07 

388 

80 

31 

50 

82 

7 

35 

47 

2S2 

113 

56 

49 

23 

5 

56 

51 

507 

89 

12 

52 

61 

S 

11 

26 

659 

122 

51 

39 

89 

1 

47 

34 

369 

71 

53 

35 

53 

5 

24 

50 

887 

81 

12 

43 

30 

6 

18 

15 

854 

94 

33 

57 

■81 

5 

24 

22 

534 

81 

05 

38 

•01 

5 

06 

43 

•712 

76 

40 

55 

•68 

O 

45 

34 

■ 

32-80 

47 

57 

40-16 

19 

00 

40-50 

46 

05 

02-21 

50 

27 

10-91 

45 

36 

18-84 

47 

IHI 

11-37 

49 

00 

43-75 

46 

18 

22-21 

48 

08 

28-77 

48 

59 

59-37 

53 

43 

07-73 

44 

36 

28-50 

45 

25 

21 -7S 

44 

33 

56-42 

45 

49 

42-15 

48 

30 

52-05 

45 

58 

24  05 

OX 

99.  fin 

48 

26 

01-66 

49 

16 

29-55 

46 

42 

33-44 

42 

39 

52-73 

4S 

43 

22-80 

16 

32 

47-45 

15 

28 

30-0S 
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Place 


I)i  (Terence 
I  Year.  of 

Longitude. 


Base. 


Longitude. 


Longitude. 


Latitude. 


Rivicre-a-Picrre.. 


Riviere  Ouelle . 

Roberval  

Rose  Point... . 


Sault  Ste.  Marie. . . 

Scotia  Junction  

Selkirk  

Sharbot  Lake  

Shippigan  

Sorel  

Sprague  


Ste.  Anne-de- 
Bellevue.  . . 


St.  Catharines. 
St.  Hyacinthe. 
St.  Jerome .... 

St.  John  

Stonyplain .... 

Sutton  

Sydney  


b 

m 

1SS6 

0 

IIS 

28 

970 

1907 

0 

14 

08 

JM 

190S 

it 

24 

45 

836 

190G 

0 

22 

46 

239 

1907 

0 

13 

57 

797 

1900 

0 

17 

19 

911 

h  m     s       °     '  ' 
Kamloops  (1886) ..  7  52  49-847  118  12  27-70 

Dom.  Obs   4  48  43-699  72  10  55-48 


4  38  06-147  69  31  32-20 
4  40  05-744  70  01  26- 16 

4  48  54- 186,  72  13  32-79 

5  20  09-933  SO  02  28-99 


Ottawa . 


1910 

i) 

34 

26 

1907 

'0 

14 

18 

1907 

n 

08 

13 

1905 

0 

03 

53 

1909 

44 

00 

190S 

0 

10 

24 

190S 

1 

19 

41 

815 
S31 
294 


Dom.  Obs. 


Dawson . . . 
937  Dom.  Obs. 
423 
308 
368 


1905 

0 

07 

03-752 

1905 

0 

14 

05  012 

190S 

0 

11 

07-658 

1908 

p 

06 

52-184 

1908 

0 

38 

35-985 

1909 

1 

07 

26-573 

1905 

It 

14 

35-633 

1909 

1 

02 

04-431 

Winnipeg.  . 
Dom.  Obs. 


Tadoussac  

1905 

° 

24 

1907 

i) 

12 

Three  Rivers  

1902 

II 

12 

Timagami  

1905 

1) 

16 

1905 

0 

07 

Truro  

1908 

0 

49 

•532  Dom.  Obs. 
•313  Dawson... 
•407:Ottawa.. . . 
•318  Dom.  Obs. 
•720  ■ 
•9551 


o     /  r 

51  00  11-25 

46  59  16-90 

47  49  23-48 

47  29  04-86 

48  31  03-68 
45  19  00-73 


5  37 
5  17 
9  09 

5  06 
4  18 
4  52 

6  22 

4  55 

5  16 
4  51 
4  55 

4  24 

7  36 

5  17 
4  00 

4  38 
9  05 

4  50 

5  19 
5  10 
4  13 


18-798  84  19  41-97  46  30  31-37 
10-814J  79  17  42-21  45  30  46-75 
30  -605  137  22  39  08  62  46  20  -98 
45-920  76  41  2S-80  44  46  29  07 
51-560  64  42  53-40  47  44  38-62 


27-675 


73  06-55-12  46  02  19-59 


33-351  95  38  20-26  49  02  05- 10 


48-231  73 

56-995  79 

44-325  72 

59-799  73 

15-998  66 
01S35114 

27-616  79 

47-552  60 


57  03-46  45 
14  14-92  43 
56  04-87  45 
59  56  -98  45 
03  59-97  45 
00  27-53  53 
21  54-24  44 
11  53-2S46 


24  28-13 
09  41-72 
37  15-28 
46  33-29 
16  35  04 
31  47-27 
18  12-49 
OS  27-86 


69 
136 


51-451 
0S-5S6 

08-  615 

09-  301 
1S-703  77 
05-028  63 


42  51-76  48  08  27-19 
17  08-79[62  05  28-56 
32  09-22  46  20  37  09 
47  19-5147  03  47-91 
34  40-54J44  05  52-53 
16  15-42  45  21  47-32 
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Difference 

Place 

Year. 

of 

Base. 

Longitude. 

Longitude. 

Latitude. 

Longitude. 

Vancouver. 
Victoria  


1905 
1885 


h  m  s 

0  03  OS- 130 Seattle. 
0  04  06-994 


Walsh   1910 

Wapclla   1887 

Whitby   1905 

Whitehorse   1907 

White  Pass   1907 

White  River   1902 

Wilno   1900 

Windsor   1910 

Winnipeg   1910 

Woodstock  (Ont.).J  1903 

Woodstock  (N.B.).  190S 


Yarmouth   1909 


h  in 

8 

O 

O 

-  12 

28-404 

123 

07 

06  06 

49 

17 

S  13 

20-444 

123 

21 

36-66 

48 

25 

0  51  34  290  Winnipeg  7  20  09 

0  19  21-505  Winnipeg(old  Obs)  0  47  53 

0  12  53S64Dom.  Obs  5  15  45 

0  17  32-31S  Dawson   9  00  11 

0  17  10-3S9       "    9  00  33 

0  38  17-627  Ottawa  5  41  07 

0  07  24-676      ■   5  10  14 

0  29  19-499  Dora.  Obs  ,5  32  11 

1  25  43-279        "  16  28  35- 

0  20  14-841  Ottawa  L  23  04 

0  32  32-979  Dom.  Obs   4  30  19 


552  1 10  02 
0<>7  1(11  5s 
S47  78  56 
581  135  02 
510  135  OS 
85  16 
77  33 
S3  02 
97  OS 
80  46 
67  34 


649 
698 
482 
262 
S63 
004 


23-28  49 
16-46  50 
27-7043 

53-  7160 
22-65  59 

54-  73  4S 
40-47  45 
52-23  42 
48-93  49 
12-94  43 
45  06  46 


57  06-79 
15  45-79 

52  43-34 
43  1717 
37  28-66 
35  11-53 
30  54-46 
18  58-31 

53  10-98 
08  07-62 
OS  33-28 


0  38  23-205  Dom.  Obs   4  24  28-778  66  07  11-67  43  50  14-75 
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LOCAL  POSITIONS  OF  ASTRONOMICAL  STATIONS. 

Bancroft. — The  pier  is  99.8  feet  west  and  220.8  feet  north  of  the  centre  point  of 
the  crossing  of  Station  street  and  the  Central  Ontario  railway. 

Barry  Bay. — The  pier  is  about  200  feet  south  of  the  Grand  Trunk  railway  station- 
house  and  is  106.9  feet  south  and  1.1  feet  east  of  the  northeast  corner  of  the 
Balmoral  hotel. 

Bathurst. — The  pier  is  54.1  feet  west  and  79.2  feet  north  of  the  southeast  corner 
of  King  and  Water  streets,  town  of  Bathurst. 

Beeton. — The  astronomical  station  is  100  feet  west  of  the  west  side  of  Patterson 
street  and  78  feet  north  of  the  north  side  of  Main  street.  Patterson  street  is 
a  road  allowance  between  lots  10  and  11.  Main  street  is  a  road  allowance 
between  concessions  7  and  8  in  the  township  of  Tecumseth. 

Black  Lake. — The  pier  is  111.1  feet  east  and  190.8  feet  north  of  the  northwest  comer 
of  Whitney  avenue  and  the  private  way  of  the  American  Asbestos  Company. 

Boiestown. — The  pier  is  41.63  feet  east  and  90.87  feet  north  from  the  northeast 
corner  of  T.  Lynch  &  Co.'s  supply  store. 

Boundary  (Yukon). — The  astronomical  station  is  on  the  south  bank  of  the  Yukon 
river  and  is  352  feet  east  of  the  "Ogilvie  Line"  and  about  20  feet  south  from 
the  shore  of  the  Yukon  river. 

Boundary  (Waneta). — The  pier  is  24.5  feet  due  east  of  monument  No.  181  on  the 
international  boundary  line. 

Calgary. — The  astronomical  station  is  1  chain  56  links  south  of  the  centre  line  of 
the  main  line  of  the  Canadian  Pacific  railway,  and  2  chains  49  links  north  of 
the  northeast  corner  of  town  lot  No.  11  in  block  69.  The  meridian  through 
the  observatory  passes  37i  links  east  of  said  northeast  corner  of  lot  11. 

Campbellton. — The  pier  is  18.27  feet  east  and  12.41  feet  south  of  the  southeast 
corner  of  the  post  office  building. 

Canoe  Lake. — The  astronomical  station  is  371  feet  due  south  of  the  centre  line  of 
the  Ottawa  and  Parry  Sound  railway,  526  feet  due  west  from  the  division  line 
between  lots  Nos.  20  and  21  in  the  14th  concession  in  the  township  of  Peck. 

Chalk  River. — The  astronomical  station  is  on  a  slight  knoll  on  the  sandy  expanse 
south  of  the  Canadian  Pacific  railway  track  and  distant  18S5.7  feet  on  a  course 
south  56°  15 '  east  from  the  original  post  on  the  north  side  of  the  road  allow- 
ance between  concessions  8  and  9  and  between  lots  1  and  2  in  the  township 
of  Buchanan;  it  is  also  distant  457.6  feet  due  south  from  the  centre  line  of  the 
main  line  of  the  Canadian  Pacific  railway.  It  may  be  mentioned  that  the  old 
or  first  Canadian  Pacific  railway  station  was  considerably  east  (several  miles) 
of  the  present  one. 

Chapleau. — The  pier  is  174.7  feet  west  and  432.3  feet  south  of  the  railway  crossing 
sign-board  of  the  Canadian  Pacific  railway.  This  crossing  is  about  300  feet 
west  of  the  Canadian  Pacific  railway  station-house. 

Charlottetown. — The  pier  is  situated  off  Water  street  94.13  feet  south  and  19.73 
feet  west  of  the  northwest  corner  of  the  stone  verandah  of  Richard  Grant's 
house. 
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Cobourg. — The  astronomical  station  is  situated  03  feet  north  of  University  avenue, 
243  feet  east  of  the  east  side  of  College  street  produced  northerly,  and  81 
feet  6  inches  due  south  of  the  centre  of  the  dome  of  Faraday  Hall. 

Cochrane. — The  pier  is  24.8  feet  west  and  173.(5  feet  north  of  the  southeast  corner 
of  Second  street  and  Third  avenue,  town  of  Cochrane. 

Coutts. — The  pier  is  5803.8  feet  south  and  3514.9  feet  east  of  triangulation  station 
"Tenant,"  of  the  International  Boundary  Survey. 

Covey  Hill. — The  astronomical  station  is  situated  on  township  lot  34  in  range  1  of 
the  township  of  Havelock;  owned  by  Mr.  John  Waddell.  The  station  is 
marked  by  an  iron  bolt  in  the  solid  rock,  two  feet  below  the  surface,  over 
which  a  cairn  of  stones  was  erected.  The  azimuth  to  monument  084  on  the 
international  boundary  is  135°  07',  and  the  distance  7716.4  feet.  It  is  on  the 
highest  part  of  Covey  Hill. 

Dawson. — The  pier  is  168.3  feet  east  and  7.1  feet  north  of  the  southeast  corner 
of  the  Administration  Building. 

Digby. — The  pier  is  7.03  feet  south  and  183.44  feet  east  of  the  stone  foundation 
of  the  northeast  corner  of  the  entrance  to  the  schoolroom  of  the  Baptist 
church. 

Dominion  Observatory. — The  meridian  to  which  the  longitudes  are  referred  is  that 
of  the  meridian  circle  in  the  transit  annex. 

Edmonton. — Here  it  was  intended  to  occupy  the  Dominion  Lands  Survey  latitude 
station  (King)  of  1877,  but  that  being  impracticable  on  account  of  excavation 
made  there,  the  situation  was  established  (observatory  building)  70.2  feet  south- 
east thereof,  the  azimuth  being  120°.07.  The  14th  base  line  (Aldous,  1879) 
intersects  the  meridian  of  astronomical  station  (King,  1877)  at  298.45  chains 
west  of  the  northeast  corner  of  township  52,  range  24,  west  of  the  Fourth 
meridian  (old  system). 

Edmundston. — The  pier  is  148.30  feet  east  and  12.04  feet  north  of  the  northeast 
corner  of  the  Temiscouata  railway  station. 

Emerson. — The  pier  is  1135.0  feet  south  and  43.5  feet  east  of  the  southeasterly 
corner  of  Morris  and  Second  streets  in  the  town  of  Emerson;  also  411.3  feet 
due  north  of  the  international  boundary  line.  The  azimuth  station  is  about 
one  and  one-half  miles  due  south  of  the  observatory;  it  is  situated  midway 
between  Mr.  Moise  Pranteau's  granary  and  implement  house. 

Erwood. — The  pier  is  729.5  feet  north  and  3035.1  feet  west  of  iron  post  at  northerly 
corner  between  sections  1  and  2,  township  45,  range  2,  west  of  the  2nd  meridian. 

Father  Point. — The  astronomical  station  is  on  the  property  of  J.  McWilliams,  im- 
mediately adjoining  the  lighthouse  reserve.  The  centre  of  the  pier  is  125 
feet  7  inches  due  south  of  the  centre  of  the  revolving  light  surmounting  the 
lighthouse. 

Field. — The  astronomical  station  is  situated  on  the  north  side  of  the  Canadian 
Pacific  railway  track  near  and  west  of  the  Canadian  Pacific  railway  hotel 
then  building.  It  is  distant  68  feet  8  inches  from  Canadian  Pacific  railway 
traverse  station  No.  93  in  the  year  1886. 
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Fort  Frances. — The  pier  is  9.7  feet  north  and  189.2  feet  east  of  the  northeast  corner 
of  Fourth  street  and  Cornwall  avenue. 

Foster. — The  pier  is  181.5  feet  north  and  480.15  feet  west  of  the  middle  point  of  the 
crossing  of  the  Bolton  road  and  the  Canadian  Pacific  railway  main  line  (Foster 
crossing).  The  pier  is  about  80  feet  north  of  the  Canadian  Pacific  railway 
station-house.  ■ 

Fredericton. — The  pier  is  on  the  river  front  52.15  feet  north  and  07.0  feet  west  of 
the  northwest  corner  of  Lamont's  furniture  warehouse  at  the  corner  of  Regent 
and  Campbell  streets. 

Gateway. — The  pier  is  on  the  international  boundary  line  189. -4  feet  due  east  of  bound- 
ary monument  No.  244,  and  is  541.3  feet  west  of  United  States  survey  post 
No.  25104  on  boundary  line. 

Guelph. — The  astronomical  station  is  150  feet  west  of  Norfolk  street  and  85  feet 
north  of  Paisley  street,  Nelson  crescent. 

Haliburlon. — The  pier  is  22.0  feet  north  and  32.9  feet  west  of  the  southwest  corner 
of  lot  3,  block  L,  north  side  of  Queen  street,  village  of  Haliburton. 

Halifax. — The- pier  4s  127.20  feet  east  and  90.38  feet  north  of  the  southeast  corner 
of  Creighton  &  Co.'s  grocery  store.  It  is  also  63.23  feet  east  and  54.04  feet 
south  of  the  gas  pipe  marking  the  boundary  of  the  I.C.R.  yard.  Direction 
of  said  pipe  from  pier  being  54°  15 '  from  the  meridian  measured  from  the 
north  through  the  west. 

Harriston. — The  astronomical  station  is  108  feet  south  of  Queen  street,  and  148 
feet  east  of  Union  street. 

Jackfish. — The  pier  is  228.5  feet  north  and  82.9  feet  west  of  the  southwest  corner 
of  the  Canadian  Pacific  railway  station-house. 

Kalmar. — The  position  of  astronomical  station  is  on  the  sloping  hillside  west  of 
the  railway  station,  since  rebuilt,  and  on  the  north  side  of  the  Canadian 
Pacific  railway  due  north  88  feet  5?  inches  from  the  centre  line  thereof. 

Kamloops. — The  astronomical  station  is  on  the  intersection  of  the  middle  lines  of 
Victoria  avenue  and  Fifth  street  of  the  new  townsite. 

Kingston. — The  observatory  is  situated  on  the  Royal  Military  College  grounds  on 
Point  Frederick,  about  200  feet  from  Cataraqui  bay.  It  is  used  in  connection 
with  the  work  of  the  college. 

Labelle. — The  pier  is  1685  feet  east  and  82  feet  south  of  the  middle  point  of  crossing 
of  the  Canadian  Pacific  railway  and  Berthiaume  road.  This  crossing  is  about 
470  feet  east  of  the  Canadian  Pacific  railway  station-house. 

Lake  Edward— The  pier  is  332.4  feet  east  and  40.6  feet  north  of  the  northeast  corner 
of  the  Quebec  and  Lake  St.  John  railway  station-house. 
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Lindsay. — The  astronomical  station  is  on  the  right-of-way  of  the  Canadian  Pacific 
railway,  10.7  feet  west  and  172.8  feet  north  of  the  northwest  corner  of  the 
Canadian  Pacific  railway  station-house. 

FAskeard. — The  observatory  pier  is  25.5  feet  south  and  836.6  feet  west  of  an 
iron  post  which  is  145  feet  S.  5°  20 '  W.  of  the  southwest  corner  of  the  Timis- 
kaming  and  Northern  Ontario  railway  station-house. 

I Aoyd  minster. — The  pier  is  378.0  feet  west  and  2455.1  feet  north  of  the  northeast 
corner  of  section  36,  township  40,  range  1,  west  of  the  4th  meridian. 

Macdowatt. — The  pier  is  2365.9  feet  south  and  1986.8  feet  west  of  the  northeast 
corner  of  section  13,  township  46,  range  1.  west  of  the  3rd  meridian. 

Madoc. — The  pier  is  113  feet  west  and  123  feet  north  of  the  northwest  corner  of 
Durham  and  St.  Lawrence  streets. 

Maniwaki. — The  observatory  pier  is  112.8  feet  south  and  69.8  feet  west  of  the  south- 
west corner  of  the  Canadian  Pacific  railway  station-house. 

Maiheson. — The  pier  is  on  the  right-of-way  of  the  Tiniiskaming  and  Northern  On- 
tario railway,  and  is  153.5  feet  south  and  178.0  feet  cast  of  the  northeast  corner 
of  Fifth  avenue  and  Railway  street. 

Malta wa. — The  pier  is  419.6  feet  west  and  56.2  feet  south  of  the  southwest  corner 
of  the  Canadian  Pacific  railway  station-house. 

Megantic. — The  pier  is  172.5  feet  east  and  72. (i  feet  north  of  the  southwest  corner  of 
.Maple  avenue  and  McCauley  street. 

Michipicoten. — The  pier  is  45  feet  north  and  104  feet  west  of  the  northwest  corner 
of  the  Algoma  Inn. 

Midway. — The  astronomical  station  is  situated  about  100  feet  south  of  the 
Canadian  Pacific  railway  station  (dwelling  and  ticket  office)  and  607'  feet  in 
azimuth  255°  37'  from  the  point  on  the  east  side  of  Adams  street,  15-j  feet 
south  of  the  south  side  of  Eleventh  street. 

Moncton. — Reference  point  is  the  northwest  corner  of  the  Intercolonial  railway 
blacksmith  shop  N.  52°  16'  E.  from  meridian  through  centre  of  pier.  Dis- 
tance 4.378  chains. 

Mortlach. — The  pier  is  1144.7  feet  south  and  35S3.2  feet  west  of  the  northeast 
corner  of  section  22,  township  17,  range  1.  west  of  the  3rd  meridian. 

Midi/rave.- — The  pier  is  situated  40.51  feet  north  and  60.59  feet  west  of  the  north- 
west corner  of  Mr.  Kawaga's  house. 

Newcastle. — The  pier  is  14.16  feet  cast  and  90.66  feet  south  of  the  intersection  of 
Station  and  Gene  streets. 

Nipiyon. — The  pier  is  47.8  feet  west  and  S2.4  feet  north  of  the  northwest  corner 
of  the  Canadian  Pacific  railway  station-house. 

North  Bay. — The  astronomical  station  is  situated  on  the  property  of  the  Canadian 
Pacific  railway.  The  pier  is  283.5  feet  south  and  109.5  feet  west  of  the 
northwest  corner  of  Main  and  Sherbrooke  streets. 
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North  Lake. — The  pier  is  272.5  feet  east  and  15.5  feet  south  of  "frog"  lying  between 
the  Port  Arthur  and  Duluth  railway  main  line  and  the  southwest  leg  of  the  "Y". 

North  Portal. — The  pier  is  33.0  feet  east  and  0.7  feet  north  of  the  boundary  monu- 
ment situated  on  the  international  boundary  line  between  the  villages  of  Portal, 
N.D.,  and  North  Portal,  Sask.  The  azimuth  pier  is  due  north  of  the  observa- 
tory pier  a  distance  of  about  one-half  mile. 

Onion  Lake. — The  astronomical  station  is  situated  4  chains  in  azimuth  95°. 81 
from  the  point  on  survey  line  of  Fourth  meridian,  19.685  chains  north  of  the 
southeast  corner  of  township  55,  and  3  feet  south  of  the  government  telegraph 
line  (the  wire  running  over  the  observatory). 

Orillia. — The  astronomical  station  is  174?  feet  south  of  Mississaga  street,  and  87? 
feet  east  of  Peter  street. 

Ottawa. — The  observatory  is  at  the  northerly  end  of  lot  No.  7  on  the  north  side 
of  Cliff  street,  and  at  the  edge  of  the  perpendicular  cliff  overlooking  the 
Ottawa  river. 

Owen  Sound. — -The  astronomical  station  is  distant  southwesterly  215.96  feet  on 
the  course  making  an  angle  of  57°  33  '  with  the  westerly  side  of  Poulett  street 
from  the  intersection  of  that  side  of  Poulett  street  with  the  southerly  side  of 
Baker  street. 

Pembroke. — The  pier  is  98.2  feet  north  and  167.5  feet  east  of  the  intersection  of 
the  easterly  limit  of  John  street  with  the  southerly  limit  of  Wellington  street. 

Perce. — The  pier  is  84.63  feet  west  and  72.28  feet  south  of  the  southwest  corner  of 
Abraham  Lenfesty's  house. 

Pickerel. — The  pier  is  on  a  rocky  knoll  south  of  the  Canadian  Pacific  railway  main 
line  and  nearly  opposite  the  station.  The  centre  of  the  pier  is  90.8  feet  south 
and  60.1  feet  east  of  the  southeast  corner  of  the  Canadian  Pacific  railway 
station-house. 

Pincher. — The  pier  is  555.0  feet  south  and  14.0  feet  west  of  the  northeast  corner  of 
section  34,  township  6,  range  30,  west  of  the  4th  meridian. 

Port  Arthur. — The  pier  is  77.6  feet  north  and  48.2  feet  east  of  the  northwest  corner 
of  Arthur  street  and  South  Water  street. 

Port  Moody. — The  astronomical  station  is  80  feet  south  of  the  centre  line  of  the 
Canadian  Pacific  railway,  28  feet  10  inches  southwest  from  a  lot-stake  marked 
L.18,  and  25  feet  6  inches  west  from  the  centre  of  the  plank  road  leading  across 
the  railway  to  the  Elgin  hotel. 

Portneuf.— The  astronomical  station  is  21,667.11  feet  in  azimuth  29S°  40'  54'.3 
or'N.  61°  19'  05".7  W.  from  monument  No.  31  of  the  St.  Lawrence  River 
Survey. 

Port  Stanley. — The  position  of  the  astronomical  station  is  on  the  property  known 
formerly  as  a  "Ship-yard"  lying  along  the  east  side  of  Kettle  creek,  and  to  the 
west  side  of  lots  1,  2  and  3  fronting  on  the  west  side  of  Main  street. 
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Rainy  River. — The  pier  is  11 1.2  feet  north  and  51.3  feet  west  of  the  southwest  corner 
of  Third  street  and  Atwood  avenue. 

Rayside. — The  astronomical  station  is  situated  on  the  farm  of  John  Carriere,  on 
lot  3,  concession  1,  township  of  Rayside,  and  distant  605.8  feet  west  from  the 
division  line  between  lots  2  and  3,  and  441.4  feet  north  of  the  centre  line  of  the 
Canadian  Pacific  railway. 

Renfrew. — The  astronomical  station  is  situated  north  of  the  Canadian  Pacific  rail- 
way station,  about  210  feet  north  of  the  main  line.  The  pier  is  75  feet  north 
and  77.7  feet  east  of  the  southwest  corner  of  Joe  and  Janet  streets. 

Rcvehtoke. — The  astronomical  station  is  134  feet  10  inches  to  the  north  of  the 
centre  line  of  the  Canadian  Pacific  railway,  and  128  feet  8  inches  on  a  course 
north  37°  29'  east  from  Canadian  Pacific  railway  traverse  station  No.  10(j4 
of  the  year  1886. 

Riviere-a-Pierre. — The  pier  is  120.2  feet  west  and  39.3  feet  north  of  the  northwest 
corner  of  the  Quebec  and  Lake  St.  John  railway  station-house. 

Rivibrc-du-Loup. — The  pier  is  511.5  feet  from  the  southeast  corner  of  the  I.  C.  R. 
machine  shop.    Angle  from  the  north  through  the  west  41°  54'. 

Rivihx  Oucllc. — The  observatory  pier  is  18.7  feet  south  and  180.3  feet  east  of  the 
first  mooring  post  on  the  east  side  of  the  wharf.  It  is  also  about  70  feet  from 
the  Intercolonial  railway  crossing  at  the  end  of  the  wharf. 

Robcrval. — The  pier  is  138.2  feet  north  and  47.1  feet  west  of  the  middle  point  of 
crossing  of  the  Quebec  and  Lake  St.  John  railway  and  the  Roberval  road. 

Rose  Point. — The  point  of  observation  is  on  the  north  side  of  the  railway  track  in 
the  southeast  corner  of  the  garden  of  the  Rose  Point  hotel,  and  50  feet  east 
of  the  road  leading  to  the  village  of  Parry  Harbour.  It  is  distant  196  feet  at 
right  angles  to  the  township  lot  line  running  N.  20°  51 '  40"  W.  (Beatty)  at 
the  point  distant  along  the  lot  line  693  feet  from  the  centre  line  of  the 
Ottawa  and  Parry  Sound  railway. 

Sault  Stc.  Marie. — The  pier  is  51.78  feet  south  of  the  southwest  corner  of  Queen 
street  and  Bell  avenue. 

Scotia  Junction. — The  pier  is  about  one-half  mile  east  of  the  Grand  Trunk  railway 
station-house  and  is  249.4  feet  north  and  7.5  feet  east  of  the  sign-post  at  the 
Grand  Trunk  railway  crossing. 

Selkirk. — The  pier  is  32  feet  east  and  22.5  feet  south  of  the  northeast  corner  of  the 
Government  Telegraph  office. 

Sharbot  Lake. — The  astronomical  station  is  on  a  hill  north  of  the  Canadian  Pacific 
railway  station.  The  pier  is  385  feet  north  and  73.5  feet  west  of  the  west 
corner  of  the  Canadian  Pacific  railway  station-house. 

Shippigan. — The  pier  is  309.3  feet  south  and  2643.1  feet  west  of  the  southwest 
corner  of  the  shore  end  of  the  curb  lying  on  the  west  side  of  Shippigan  wharf. 
It  is  also  793.1  feet  south  and  1041.4  feet  west  of  the  main  spire  of  the  Roman 
Catholic  church. 
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SorcL — The  pier  is  194.0  feet  west  and  34.2  feet  north  of  the  southeast  corner  of 
Ray  and  Victoria  streets. 

Sprague. — The  pier  is  070.7  feet  west  and  1.4  feet  north  of  the  southwest  corner  of 
the  Canadian  Northern  railway  station-house. 

Ste.  Anne-de-BcUevuc. — The  astronomical  station  is  about  300  feet  south  of  the 
Canadian  Pacific  railway  station.  The  pier  is  1552.22  feet  N.  12°  12 '  15"  E. 
from  main  triangulation  station  5  on  end  of  guard  pier  at  the  lower  entrance 
of  the  new  lock. 

St.  Catharines. — The  astronomical  station  is  situated  on  the  property  of  the  St. 
Catharines  Gas  Company  at  the  corner  of  Phelps  and  Mill  streets.  The  pier 
is  191.5  feet  north  and  94  feet  east  of  the  northeast  corner  of  Phelps  and  Mill 
streets. 

St.  Hyacinthe. — The  pier  is  85  feet  east  and  540  feet  north  of  the  middle  point  of 
the  crossing  of  Broadway  road  and  the  Canadian  Pacific  railway  main  line, 
and  is  about  400  feet  from  the  station-house. 

St.  Jerome. — The  pier  is  412.0  feet  east  and  102.4  feet  south  of  the  southeast  corner 
of  St.  Antoine  and  St.  Anne  streets.  It  is  on  the  Canadian  Pacific  railway 
right-of-way  about  400  feet  south  of  the  station-house. 

St.  John. — The  pier  is  82  feet  north  and  174  feet  west  of  the  northeast  corner  of 
Lombard  and  Southwork  streets.  Reference  point  is  southeast  corner  of 
I.C.R.  grain  elevator.  Reference  angle  188°. 44  right  from  meridian  at  centre 
of  pier  to  reference  point.    Distance  196.8  feet. 

Stony  plain. — The  pier  is  4102.6  feet  south  and  1197.8  feet  west  of  iron  post  at  the 
northeast  corner  of  section  36,  township  52,  range  1,  west  of  the  5th  meridian. 

Sutton. — The  astronomical  station  is  situated  on  the  right-of-way  of  the  Grand 
Trunk  railway.  The  pier  is  65.7  feet  south  and  111.2  feet  west  of  the  south- 
west corner  of  the  Grand  Trunk  railway  station-house. 

Sydney. — The  pier  is  on  the  esplanade  49.24  feet  south  and  89.60  feet  west  of  the 
northwest  corner  of  the  Sydney  hotel. 

Tadoussac. — The  astronomical  station  is  on  the  premises  of  the  Richelieu  and 
Ontario  Navigation  Company,  to  the  rear  of  their  hotel.  The  meridian 
through  the  centre  of  the  pier  passes  one  foot  west  of  the  flag-pole  over  the 
tower  of  the  main  or  office  entrance  to  the  hotel,  and  the  flag-pole  is  211  feet 
south  of  the  pier. 

Tantalus. — The  pier  is  150.8  feet  north  and  32  feet  west  of  the  northwest  corner  of 
the  Northwest  Mounted  Police  barracks. 

Three  Rivers. — Astronomical  station  at  Station  No.  IX.  of  the  St.  Lawrence  River 
Hydrographic  Survey. 

Timagami. — The  astronomical  station  is  situated  on  the  right-of-way  of  the  Timis- 
kaming  and  Northern  Ontario  railway.  The  pier  is  316  feet  south  and  219.6 
feet  west  of  the  southwest  corner  of  the  Timiskaming  and  Northern  Ontario 
railway  station-house. 
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Trenton. — The  astronomical  station  is  on  the  right-of-way  of  the  Central  Ontario 

railway.    The  pier  is  173  feet  south  and  83  feet  east  of  the  southeast  corner  of 

the  Central  Ontario  railway  station-house. 
Truro. — The  pier  is  49.49  feet  east  and  04.13  feet  south  of  gas  pipe  marking  the 

boundary  of  the  I.C.R.  yard  at  head  of  Miller  street  and  at  the  hinge  end  of 

Mr.  Fraser's  driveway  gate. 

Vancouver. — A  permanent  observatory  was  built  on  Brockton  Point  close  to  ami 

southeast  of  the  lighthouse. 
Victoria. — The  astronomical  station  is  situated  7  feet  5  inches  east  of  Broad 

street  and  17  feet  G  inches  south  of  View  street,  being  in  the  northwest  corner 

of  the  garden  of  the  Driard  hotel. 

P.S. — Subsequently  the  hotel  was  extended  to  Broad  street. 

Walsh.— The  pier  is  1128.9  feet  south  and  2896.5  feet  west  of  the  wooden  post 
marking  the  northeast  corner  of  the  southeast  quarter  of  section  35,  township 
11,  range  1,  west  of  the  4th  meridian. 

Wapella. — The  position  of  the  astronomical  station  is  on  a  knoll  south  of  the 
Canadian  Pacific  railway  and  5  chains  85  links  southwesterly  from  the  south- 
west corner  of  the  railway  station.  It  is  definitely  fixed  by  triangulation 
from  the  second  meridian  of  the  Dominion  Lands  survey. 

Whitby. — The  pier  is  198  feet  north  and  159.3  feet  east  of  the  northeast  corner  of 
Brock  and  Colborne  streets. 

Whitchorse. — The  pier  is  just  behind  the  Government  Telegraph  office,  and  is  336.1 
feet  north  and  379.7  feet  west  of  the  middle  point  of  crossing  of  Main  street 
and  the  White  Pass  and  Yukon  railway. 

While  Pass.— The  pier  is  111.1  feet  north  and  45.9  feet  west  of  the  bronze  monu- 
ment on  the  Canada- Alaska  boundary  line  at  summit  of  White  Pass. 

White  River. — The  astronomical  station  is  on  the  sandy  ridge  south  of  the  railway 
station,  and  distant  98§  feet  due  east  of  the  centre  line  of  the  main  track  of  the 
Canadian  Pacific  railway,  from  the  point  distant  183  feet  north  along  the 
track  from  the  "east  switch,"  where  the  White  River  railway  division  begins. 

Wilno. — The  astronomical  station  is  766  feet  due  north  of  the  centre  line  of  the 
Ottawa  and  Parry  Sound  railway  ami  653  feet  on  a  course  N.  73°  38 '  W.  from 
the  intersection  of  the  lines  separating  the  4th  and  5th  concessions  of  the 
townships  of  Sherwood  and  Hagarty. 

Windsor. — The  pier  is  33.3  feet  east  and  246.8  feet  south  of  the  southwest  corner 
of  Sandwich  street  west  and  Caron  avenue  in  the  city  of  Windsor. 

Winnipeg. — The  pier  is  on  the  Fort  Osborne  barracks  ground  near  the  southwest 
corner  of  the  drill  hall. 

Woodstock,  Out. — The  astronomical  station  is  situated  within  the  city  limits  of 
Woodstock,  on  land  owned  by  the  corporation  on  the  north  side  of  Admiral 
street,  21  feet  west  of  the  produced  westerly  limit  of  Givins  street.  It  is 
marked  by  a  concrete  pier. 

Woodstock,  N.B. — The  pier  is  432.5  feet  east  and  100  feet  south  of  the  northeast 
corner  of  George  and  Main  streets. 

Yarmouth. — The  pier  is  on  Mr.  Jacob  Bingie's  vacant  lot,  corner  of  Water  and  Towns- 
end  streets,  258.96  feet  west  and  64.78  feet  north  of  the  stone  post  at  the  south- 
west corner  of  Mr.  James  Lovett's  property  corner  of  Main  and  Townsend 
streets. 
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